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ABSTRACT 
Use of Microcomputers in Mathematics 
in Hong Kong Higher Education 
by Tak-Yun G Pong 
CAMET 
(Centre for Advancement of Mathematical 
Education in Technology) 
Loughborough University of Technology 
since the innovation of computers some 40 years ago and the 
introduction of microcomputers in 1975, computers are 
playing an active role in education processes and altering 
the pattern of interaction between teacher and student in 
the classroom. Computer assisted learning has been seen as 
a revolution in education. In this research, the author has 
studied the impact of using microcomputers on mathematical 
education, particularly at the Hong Kong tertiary level, in 
different perspectives. 
Two computer software packages have been developed on the 
microcomputer. The consideration of the topic to be used in 
the computer assisted learning was arrived at in earlier 
surveys with students who thought that computers could give 
very accurate solutions to calculations. The two software 
packages, demonstrating on the spot the error that would be 
incurred by the computer, have been used by the students. 
They are both interactive and make use of the advantages of 
the microcomputer's functions over other teaching media, 
such as graphics facility and random number generator, to 
draw to the students' attention awareness of errors that may 
be obtained using computers in numerical solutions. 
Much emphasis is put on the significance and effectiveness 
of using computer packages in learning and teaching. 
Measurements are based on questionnaires, conversations with 
students, and tests on content material after the packages 
have been used. Feedback and subjective opinion of using 
computers in mathematical education have also been obtained 
from both students and other teachers. 
The research then attempts to examine the suitability of 
applying computer assisted learning in Hong Kong education 
sectors. Some studies on the comments made by students who 
participated in the learning process are undertaken. The 
successes and failures in terms of student accomplishment 
and interest in the subject area as a result of using a 
software package is described. Suggestions and 
recommendations are given in the concluding chapter. 
Key words: computer Assisted Learning, Computer Enhanced 
Learning, Microcomputers in Mathematics, 
Rounding Error, Truncation Error, Numerical 
Methods 
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CHAPTER 1 
The Introduction 
1.1 Historical Background 
The earliest computer is believed to be the abacus used in 
China more than two thousand years ago. It was then not 
until the middle of this century that the first electronic 
digital computer was invented. But since this initial 
invention, microelectronic technology has grown so rapidly 
that new ideas, new products and new concepts appear daily : 
the mainframe computer, the minicomputer, and then in the 
1980s, the microcomputer. The microcomputer is not a cheap 
alternative to a large scale computer as far as instruction 
to the computer is concerned. It is true that the mainframe 
computer runs a lot faster, can have a massive amount of 
storage space, and probably has a more sophisticated I/O 
(Input/Output) structure. The microcomputer is simply an 
implementation of portions of a computer. The amount of 
implementation happens to be small; but even so, parts of 
the computer are still present. Microcomputers also have 
the advantage of their powerful graphics capability. Due to 
the price drop of electronic hardware, the use of 
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microcomputers in the education sector has become 
widespread. 
computer technology was first introduced to the Hong Kong 
commercial sector about 1965. computers in the Hong Kong 
education sector, particularly at the Secondary School 
level, came even later. It was in 1980 that the Hong Kong 
Government announced plans to introduce computer studies in 
Secondary Schools. The Computer Studies pilot Scheme was 
officially launched in 1982 when thirty government-aided 
schools were provided with a batch of microcomputers. since 
then, more and more schools were equipped with 
microcomputers each year until now when there are more than 
two-thirds of the government aided Secondary Schools that 
have computer systems; of these schools, more than half have 
their local area network. At the tertiary level, although 
their computing facilities started much earlier and the 
institutions were better equipped than the Secondary 
Schools, the use of computers is mostly restricted to being 
a subject of its own, as a fast computing instrument and as 
a data and word processing machine. Computer Assisted 
Learning (CAL) across disciplines in school is not yet fully 
recognized. The author, with his interest in, and 
enthusiasm for, computers, saw the invaluable contribution 
that the use of microcomputers in education could make and 
then pursued his research in this field. 
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1.2 Author's Background 
The author, being brought up and having had his Primary and 
Secondary School education in Hong Kong, pursued his first 
university degree in Applied Mathematics in the united 
states of America starting in 1973. Holding his Bachelor of 
Science from the university of Wisconsin in 1976, he 
furthered his study as a graduate student in the University 
of Missouri. During his two-year Master's program, he was 
offered by the Department of Mathematics a position as 
Graduate Teaching Assistant from which sUbstantial teaching 
experience was gained. When he graduated, he returned to 
Hong Kong and became one of the teaching members of the Hong 
Kong Polytechnic in the Department of Mathematical Studies 
and is so still. In the Polytechnic, the author mainly 
teaches Engineering Mathematics to the early years, and, due 
to his speciality in the application of computers in 
mathematics, he is involved in the teaching of Numerical 
Analysis and computational Mathematics at the Higher Diploma 
and Degree levels. During his teaching career, he completed 
the two-year part-time in-service course and was awarded the 
Polytechnic Inservice Teacher Training certificate. 
One of his earliest involvements in the education sector was 
in December 1978 and during the summer of 1979. The Hong 
Kong Education Department was planning to introduce computer 
Studies in Secondary Schools and offered a series of 
in-service computer courses for Secondary School mathematics 
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teachers. The author, together with two other staff members 
in the Department, was asked to be responsible for the 
teaching of the courses. An evaluation was later conducted, 
most participants expressed that they enjoyed the courses 
very much and found them very useful. It was considered to 
be a very great success in the promotion of computer 
Literacy in the Hong Kong Education sector. By that time, 
Professor Bajpai was the external moderator of the 
Department of Mathematical studies of the Hong Kong 
Polytechnic; with much encouragement, support and advice 
from Professor Bajpai, a study of the use of microcomputers 
in mathematics in Hong Kong higher education was made. 
1.3 The Scope of the Thesis 
In Chapter 2, the history of'the development of computer 
technology is briefly introduced. It starts from the 
ancient abacus in China, continues through Napier's 
logarithm system and Pascal's first mechanical calculator to 
this century's first electronic digital computer, the 
Atanasoff-Barry Computer (the ABC) and onward. The 
development of microelectronic technology is growing so 
rapidly that there have been more discoveries within these 
few decades than in the past two thousand years. The 
Altair, the first personal computer, is the bench mark of 
today's microcomputer. The use of the computer in the Hong 
Kong commercial sector started in about 1965. The 
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universities and Polytechnics commenced a little bit later 
and most Secondary Schools only had their first computer in 
the beginning of the 1980s. In 1985, the Chinese University 
of Hong Kong opened its first microcomputer laboratory which 
provides computing facilities to students similar to the 
library from which students borrow printed material. 
The progress of computer literacy in Hong Kong is introduced 
in Chapter 3. The Computer Studies Scheme at Form 4 (Grade 
10) level is a two-year computer subject program on its own 
and was promoted by the Hong Kong Education Department in 
1982. In the first few years, the response was encouraging 
but, in recent years, it was noticeable that some stUdents 
are starting to refrain from taking this subject due to lack 
of continuation at the Form 6 level. The Government sees 
this problem and is reviewing the possibility of introducing 
a further study of this subject at the Form 6 level. A 
study of the implementation of computer literacy in the 
lower Forms is also in progress, the emphasis is planned to 
let the stUdents use the computer as a tool. At the 
tertiary level, computer studies and Information Technology 
courses prepare stUdents with updated knowledge in computer 
technology and applications to meet their needs in their 
future careers. Future expectations and planning are also 
considered. 
In Chapter 4, the results of a survey conducted by the 
a"uthor are given. The survey is on the computer awareness 
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of the Hong Kong Polytechnic students. The sample involved 
336 Year 1 students in five different academic departments 
and spanned 4 years. Some trends in the students' awareness 
of computers are obtained. Also, this survey gives the 
author the idea of what is the most suitable subject in 
mathematics to be used in producing Computer Assisted 
Learning (CALl packages. 
The development and the approach of the first CAL package is 
explained in Chapter 5 of the thesis. The educational 
theory in the effectiveness of CAL is established. The aims 
and objectives of the package are laid. Since the last 
survey reveals that many students tend to believe that 
computers have the advantage of performing very accurate 
computations, the content of the first CAL lesson considered 
how errors would occur when applying the computers to 
Numerical Analysis techniques. Different types·of error, 
q. 
such as rounding error and truncation error, are explained. 
Various considerations in the development of the software, 
such as the computer system and language, are discussed. 
According to behaviourists, interaction with the computer 
would involve the student and thus hold his or her interest 
longer, while the feedback made possible by the computer 
would facilitate learning, therefore hands-on examples are 
embodied in the lesson. 
Chapter 6 gives the detail evaluation of the students after 
they have been using the package. Although the evaluation 
... : .' 
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includes conversations with the students and direct 
observations from students using the package, detailed 
analysis o.f data is possible only on quantitative answers 
from the questionnaire. Feedbacks and subjective opinion on 
using computers in mathematical education and on the 
suitability of applying CAL in the Hong Kong education 
environment are discussed. 
Various aspects of Computer Assisted Learning are 
investigated in Chapter 7. The essence of the two 
milestones in CAL, the PLATO and MIME projects, are studied, 
and the philosophy of CEL (Computer Enhanced Learning), as 
termed by Professor Bajpai, is also elaborated. 
Furthermore, different types of CAL, their advantages and 
disadvantages are explored. 
Chapter 8 expla.ins the second CAL package to be used by the 
Hong Kong polytechnic students. The topic on numerical 
integration in Numerical Analysis is chosen. Numerical 
Analysis is defined as being to devise and evaluate 
numerical techniques and, in particular, : 
" •• to study their convergence and error." 
But it is the author's experience that students tend to 
believe that results obtained by the computer are absolute. 
Therefore, the second piece of software details the error 
terms of two algorithms in numerical integration when using 
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computing machines. Graphic illustration is the theme of 
this package. Student's hands-on verifications are 
encouraged and are provided in appropriate places in the 
lesson. 
The evaluation of results and achievements after using the 
second package is described in Chapter 9. Quantitative 
results are analyzed using the SAS (statistical Analysis 
System) package. Students' comments and suggestions On the 
open-answer questions are presented. 
The last chapter, Chapter 10, gives the conclusion of this 
research. A comparison of the two evaluations in terms of 
similarity and diversification is highlighted. The 
effectiveness and considerations in all aspects of the use 
of microcomputers in mathematics in Hong Kong higher 
education is summarized. Recommendations and sugges,tions 
for further research are deliberated. 
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CHAPTER 2 
The Computer Era 
2.1 Yesterday. Today and Tomorrow 
Today we tend to think of the computer as an electronic 
device, but the earliest development of computers was based 
on mechanical or electromechanical technology. People began 
to consider the use of electronic components in computing 
machines only after these devices reached the stage where 
reliable parts started to become available. 
..' 
Humans had turned· 'to mechanical aids to overcome the 
difficulty of performing calculations more than two thousand 
years ago -- the abacus was used in China as early as 500 
BC. Ever since, man has been exploring different methods 
for manipulating the cumbersome number system. In the early 
seventeenth-century, a multiplying aid, known as Napier's 
Rods, or Napier's Bones was developed. Based on John 
Napier's discovery of the logarithm system, the first known 
linear slide rule was produced in 1654. This invention had 
taken a giant step forward in improving the speed of 
computing. Although the first successful mechanical 
calculato~ was constructed by Blaise Pascal and was 
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completed in.1642, the primary conception which this machine 
introduced was only the mechanization of the carry-over that 
is needed in addition and subtraction. A direct 
multiplication machine was not made until 1671, by Leibniz. 
The construction of the electronic digital computer was led 
by the development of the digital electronic machine, known 
as the Atanasoff-Barry Computer (the ABC), by John Vincent 
Atanasoff and Clifford Barry. Although the ABC, completed 
in the spring of 1942, comprised an arithmetic unit and was 
constructed from more than 200 vacuum tubes, it was capable 
of only performing addition and subtraction. It differed 
from a calculating machine only by the card reader and punch 
next to the console and the two limited drum memory units. 
Although there were several "large-scale" electromechanical 
computer machines designed and operational during that time, 
the ENIAC, the Electronic'Numerical Integrator and computer, 
and the people involved in its design and construction were 
the direct cause of a huge advance in the development and 
use of electronic computing devices. The ENIAC, considered 
to be the most complex single piece of equipment at that 
time, was started in 1943, completed in 1945 and formally 
dedicated in February 1946. This huge monster took about 
18,000 radio tubes and 1,500 electrical relays, together 
with other related equipment such as plugboard and wiring, 
and that occupied three sides of a room approximately 
thirteen by six metres • 
. ,' 
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since this big stride, the major differentiation between a 
computer and a calculator is that the computer can perform 
long sequences of computations without human intervention 
and can make certain logical decisions that can even alter 
its future actions. 
After the initial invention of the electronic digital 
computers, the development of this technology grew so 
rapidly that it seemed to get out of control. New ideas and 
new terms, such as batch processing, multiprocessing, 
timesharing and operating system came one after the other. 
As more people used the computer, more requirements were 
met, more breakthroughs were made -- larger memory, smaller 
size and speed. However, there was an annoying problem in 
the computer era in the 1950s and 1960s, and that was the 
inaccessibility of computers. The cost of this new born 
starlet was such that only. the largest institutions 
universities, corporations, research institutions and 
government agencies -- could afford it. 
But all this was changed in 1963 when the Digital Equipment 
Corporation (DEC) introduced the PDP-S, or the Programmed 
Data Processor Model S, the first successful minicomputer. 
It was a very limited device compared to a mainframe 
computer, but it cost only a fraction of the price. 
Some thirteen years later, the first personal computer, the 
MIT (Micro Instrumentation and Telemetry Systems) Altair, 
,-.... 
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was introduced. Despite the fact that the first Altair only 
had 256-byte basic memory, and that only programs in machine 
code were allowed, the invention marks the history of the 
microcomputer and is continuing to reshape the computing 
world. 
Today, a computer with thousands of times increase in memory 
capacity and performance compared with that which occupied a 
complete room thirty years ago can now be put on a man's 
lap. The speed of a microprocessor is in terms of millions 
of instructions per second. Nobody knows what tomorrow's 
computer world will be. A computer that can speak and 
communicate with our daily language is not far off. 
2.2 Hong Kong in General 
computer technology was introduced to the Hong Kong 
commercial sector about 1965 when the Hong Kong and Shanghai 
Bank corporation first computerized its savings account 
department. People simply started to enjoy the convenience 
of being able to deposit and withdraw from their passbook 
accounts in any of the bank's branches. Hong Kong and 
Shanghai Bank's bold move changed the way in which banks 
conducted their business. other banks and corporations 
followed suit and the computer started to gain popularity 
and widespread use, making the need for computing equipment 
multi-fold. 
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The Hong Kong microcomputer market started to flourish in 
the late 1970s, synchronizing with the pace of development 
of microcomputer applications in other parts of the region. 
In the early days, the microcomputer market in Hong Kong was 
overwhelmed by home computer users or hobbyists, with most 
of the machines sold being used for playing video games. 
From 1982, when IBM announced its first 16-bit personal 
computer, business applications began to emerge as a more 
important market sector for microcomputer systems. Just 
looking at the figures -- starting in 1982, business 
personal computers have been delivered to Hong Kong at the 
rate of 8,000 to 10,000 units per year for three successive 
years, yielding an accumulated installation base of about 
35,000 units by 1985 [1] -- gives a rough picture that Hong 
Kong is desperate in computerization. 
Today, all the banks, corporations and even some small firms 
in Hong Kong are using computers to run their businesses. 
Office automation is a must. 
2.3 The Secondary Schools 
Following the recommendation of the White Paper on the 
Development of Senior Secondary And Tertiary Education (Hong 
Kong) 1978 [4] that more technological subjects should be 
put into the secondary school curriculum, the Hong Kong 
Education Department started the implementation of the Phase 
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One computer Studies pilot Scheme at Form 4 (Grade 10) level 
in 1982. One of the aims of this scheme is to provide 
computing facilities for secondary schools upon the 
recognition of the importance of introducing this new 
technological subject into the lower level curriculum. 
2.3.1 The Computer Studies pilot Scheme 
In the initial stage of the Computer studies pilot Scheme, 
the Phase One stage carried out in August 1982, a total of 
thirty secondary schools was selected. Each of the schools 
was provided by the Education Department with nine sets of 
Atari 800, ten disk drives, two printers and nine household 
television receivers. A course with class size of forty 
students was started in September that year using this very 
limited computer equipment. The .objectives and syllabus of 
the course, which spanned two academic years, has been 
adopted by the Education Department and will be discussed in 
the next chapter. 
Phase Two of the Pilot Scheme was launched in the academic 
year 1984-1985. This time, another 75 schools were 
selected, and 11 sets of APPLE lIe computers, 12 disk 
drives, 2 printers and 11 composite video colour monitors 
were provided. In order to provide two more sets of 
microcomputers to the pilot scheme schools using Atari 
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computers to make it up to 11, five of the 30 schools were 
chosen by lot to replace their computers by the new ones 
from the APPLE Computer, Inc., so as to distribute these 
Atari computers to the other 25 schools, making a total of 
80 schools using APPLE IIe computers and 105 schools 
offering Computer studies. 
In 1985-86, the scheme was again extended to another 105 
schools. Each school was provided with 11 sets of BBC model 
8 computers with second processor, 12 disk drives and 11 RGB 
monitors. The computers were linked together by a network 
with files and printer servers. After that, the Education 
Department invited those schools not yet offering Computer 
Studies to join the scheme. Fifty-five schools were 
approved to offer this course later. The budget used to 
carry out this scheme so far has been about HK$30 million. 
2.3.2 Exceptional Cases 
Not all the schools wanted to be included in the Computer 
studies pilot Scheme. Some schools did not want to join due 
to school policy, or to the lack of experienced teachers in 
this area, or to insufficient room to accommodate the 
computer equipment. Other schools, such as La Salle 
Secondary School, which had an IBM mainframe computer around 
1980, and the st. Paul's Secondary School, which had 
introduced computer education in 1980, had made a good two 
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year start ahead of the Computer Studies pilot Scheme pushed 
by the Hong Kong Government. 
In the following case, a brief history of the development of 
the Computer Department of a secondary school, the st. 
Paul's College, which was also not in the scheme, is 
described. 
Date 
Nov. ,81 
sept. ,82 
Jan. ,83 
sept. ,83 
Nov. ,83 
Hardware Development 
The school's first computer -- an APPLE II 
microcomputer with one disk drive and a 
printer. 
Four more sets of computer were bought -- all 
Radio Shack TRS-80 model Ill. Three of these 
had single disk drives and the fourth one had 
a dual disk drive. An additional dot matrix 
printer was installed. 
New computer room was completed. 
six new computers were bought -- all BBC 
microcomputers model B, connected in a 
network. 
A wide carriage printer and five more BBC 
microcomputers were bought. 
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In order that students could have more access 
to the computers, two BBC microcomputers with 
cassette recorders and one Radio Shack 
microcomputer were moved to the library. 
In st. Paul's college, computer classes were all after 
normal school hours in order not to upset the already tight 
timetable schedule. Despite that, the students still had an 
average of about one and a half hours of practical time in 
the computer room each week. The opening hours of the 
computer room for individual students on normal school days 
were : 
Mon., Tue. Fri. 
Thur. 
Sat. 
3.40 5.00 p.m. 
3.40 - 4.30 p.m. 
9.00 - 12.00 noon(*) 
2.00 3.30 p.m. 
(*) Two one-and-a-half-hour sessions for Computer 
studies Class students only. 
They managed to operate the computer room very successfully 
with the help of some rules for the students to observe. 
These rules included : advanced booking needed, unauthorized 
use prohibited, and no show penalty enforced, etc. 
Details concerning the history of development of the 
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computer department, and the opening hours and rules for the 
computer room in st. Paul's college are included in the 
Appendix A. 
2.4 The Polytechnics in Hong Kong 
There are two Polytechnics in Hong Kong. The Hong Kong 
Polytechnic, a former Hung Hom Technical College of Hong 
Kong, was established in 1976. The second one is the City 
Polytechnic of Hong Kong, which had its first batch of 
students in 1984. Their computing facilities will be 
discussed separately in the following subsections. 
2.4.1 The Hong Kong Polytechnic 
Due to the historical background of the Hong Kong 
polytechnic (HKP), it already had limited computing 
facilities in its establishment. As demand increased in the 
HKP as well as in the two universities in Hong Kong, the 
Hong Kong Government decided to establish a Universities and 
Polytechnic Computer Centre Limited, (UPCC) and to purchase 
a mainframe computer, an ICL 1900s, for the use of the three 
institutes in order to optimize resources. Although the 
UPCC was sited within the HKP campus, sometimes the turn 
around time for even small computer jobs took overnight. As 
the HKP believed that its requirements comprised mainly a 
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huge amount of small jobs from novices, some kind of 
time-sharing on-line system would be more suitable. 
Therefore, it bases its requirements on minicomputers~ this 
policy has not been changed ever since. 
By the late 1970s, the computer centre of the HKP stabilized 
its main user support on three DEC PDP 11/70 minicomputers. 
For security and efficiency reasons, the three computers did 
not link together directly. There was one dedicated to 
business application, one for scientific application and the 
third one for administration use. 
In the early 1980s, the three PDP computers could not 
satisfy the ever increasing computing demand and they had 
also reached the age of retirement. A DEC VAX 11/750 was 
then in service. Later, more VAX minicomputers were in use, 
with some individual departments, such as the Department of 
Mathematical Studies, even having their own VAX system. 
Currently, other than the departmental owned computers, the 
Computer Centre of HKP is supporting two VAX 11/750, one VAX 
11/780, one vAXCluster with three processors and a DG 
MV10000 for general use. There are also other systems 
dedicated to special applications, such as library indexing, 
student records, which are not of interest here. 
There are also quite a number of microcomputers spread 
around the campus. Similarly to many other institutes in 
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the world, individual departments may have their own 
computer laboratory accommodating all different models for 
their specific purposes. However, the HKP computer Centre 
provides both software and hardware support to some commonly 
used computer models. 
2.4.2 The City Polytechnic 
The city Polytechnic of Hong Kong (CPHK) was founded in 
1984, as was its computer centre which is a centralized 
facility and support division. In that year, four million 
wcyt~ 
dollarsAof equipment w~5 installed. These included a 
Perkin Elmer 3210 system, a NCR Tower XP and a Data General 
MV4000 system. There were about 80 terminals. In the 
second year, another NeR Tower was bought and the Data 
General MV4000 was upgraded to MV10000 which has four times 
the capacity of the smaller model. A DEC VAX 785, which is 
the backbone for CPHK's CAD/CAM (Computer Aided 
Design/Computer Aided Manufacturing), was installed. 
Microcomputers also got their shares. Ninety IBM-PC 
compatibles for the microcomputer laboratory, library and 
departments, were bought. These added up to another HK$5 
million in 1985. As CPHK currently is located temporarily 
in a commercial building, the new campus, expected to be 
operational in 1988, will have a fully networked computer 
centre occupying 4,000 square metres of floor space. 
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2.5 The Universities 
There are two universities in Hong Kong, the Hong Kong 
University (HKU) and the Chinese University of Hong Kong 
(CUHK). As has been mentioned before, the universities and 
the HKP were sharing the same mainframe computer under UPCC 
in the early days. However, the computer centre of CUHK 
felt the increasing demand of computing facilities, and had 
their IBM 3031 by 1978. Later, the HKU also bought their 
UNIVAC .1100. In order to enhance computing facilities among 
the three institutes, a networking system providing 
cross-institute batch job submission among the mainframes 
was completed. The ICL 1900s was no longer in service and 
the existence of UPCC was only by name. 
A few years ago, on October 25, 1985, the CUHK officially 
pronounced the opening of i~~ United College (United College 
is one of the three constituent colleges in the Chinese 
University of Hong Kong) Microcomputer Laboratory (UCMCL) to 
promote computer literacy. The equipment of UCMCL includes 
: 
18 IBM PC's, each with 256KB memory, 2 floppy disk 
drives, 1 Everex Graphics Edge colour card: many of 
the PC's with colour screens and 8087 arithmetic 
chips. 
2 IBM AT's, each with 512KB memory, 1 360KB floppy 
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disk drive, 11.2MB floppy disk drive, 10 MB hard 
disk, colour screen, Everex Graphics Edge colour 
card, 80287 arithmetic chip. 
2 Toshiba 1100 portable personal computers with 
512KB memory and 5.25-inch disk drive attachment. 
2 APPLE Macintoshes each with 512KB memory, 1 
floppy disk drive, monochrome screen and Mouse. 
3 Toshiba P1351 printers, 3 Epson FX80+ printers, 
and 1 APPLE Imagewriter. 
The laboratory is open from 9.00 a.m. to 9.30 p.m. Mondays 
to Fridays and 9.00 a.m. to 12.30 p.m. on saturdays. It 
functions in a WaY such that stUdents come to borrow~achine 
time just as they borrow books from the library. 
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CHAPTER 3 
Computer Literacy In Hong Kong Education sector 
3.1 The Secondary Schools 
The introduction of computer literacy by the Hong Kong 
Education Department followed the recommendation of the 
White Paper on the Development of Senior Secondary and 
Tertiary Education (Hong Kong) 1978 [4]. A phase one 
Computer Studies pilot Scheme at Form 4 (Grade 10) level was 
implemented in 1982. But prior to this Computer Studies 
pilot Scheme being introduced to the secondary schools, a 
series of in-service training courses in computer studies 
for school teachers had been jointly organized by the 
Education Department, the Computer Centre of CUHK and the 
Department of Mathematical Studies in HKP in 1978 and 1979. 
The author was one of the lecturers in the courses at ,that 
time. In addition to the training courses, a one-year 
pre-pilot course had been provided for students in the st. 
Paul's Secondary School. Experience gained was taken into 
consideration for the implementation of the Computer studies 
Pilot Scheme. The objectives and syllabus will be discussed 
in the next sUbsection. 
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3.1.1 The Objectives and Syllabus 
The objectives and syllabus of the Computer Studies course 
were jointly set out by teachers and educators from tertiary 
and secondary institutions and representatives from the 
commercial sectors. They are revised from time to time so 
as to keep pace with the rapidly changing world of computer 
technology. 
The objectives of the course are : 
1. To provide opportunity for the study of modern 
methods of information processing so that students 
may understand and apply this rapidly growing 
technology. 
2. To acquaint students with the uses and limitations 
of computers. 
3. To develop among students problem solving skills 
through interaction with computers. 
4. To encourage an understanding of the implications 
of computers in the modern world. 
5. To prepare students who wish to go on to further 
studies in computer science. 
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It should be noted that this course is largely independent 
of any other subject in the secondary school level 
curriculum. In particular, it contains very little 
mathematics. The content of the syllabus can be classified 
into three categories; namely general knowledge, programming 
and computer application. They include : 
1. Evolution of information processing 
2. Introductory computer concepts 
3. Flowcharting 
4. Programming in BASIC 
5. Input/Output, coding and storage of 
information 
6. Data processing 
7. Computers in the modern world 
8. Computer operation. 
The detailed syllabus can be found in the Appendix B. 
However, from the outline of the contents, it can be seen 
that it is very demanding. It covers a rather broad 
spectrum of computer knowledge. The recommended time 
allocation is four periods per week. The syllabus spans two 
years (Form 4 and Form 5), and so taking an average school 
year as 27 teaching weeks, a total of 216 periods, including 
hand~·on program development and testing, are available. It 
is quite challenging to both the students and the teachers. 
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3.1.2 The Extra-Curriculum 
The microcomputer activities in the secondary schools are 
not confined to teaching. A group of teachers and educators 
from tertiary and secondary institutions formed The Hong 
Kong Association for Computer Education in 1981. Anyone 
with an interest in computers is welcome to join. Members 
are encouraged to come to the monthly meeting to share their 
experiences and to exchange ideas among themselves. The 
welfare section also takes care of group purchase of 
computer accessories such as diskettes, papers and coding 
forms. 
One of the biggest events for Computer Studies teachers is 
the yearly conference on "Microcomputers in Education" 
organized by the Hong Kong Professional Teachers' Union. 
The conference includes plenary talks on selected topics, 
discussions and reviews on various areas, demonstration of 
computer software especially designed for educational 
purpose, and last, but not least, an exhibition of hardware 
products and the winning entries of a creativity contest for 
students in computer applications. 
Computerization of school administration using the existing 
microcomputer facilities is also in progress. There are 
software packages especially designed for Hong Kong 
secondary schools, such as a Students' Data Management 
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system, and a Library Management System which can handle 
both Chinese and English titles. Some packages are 
developed by the private sector and software houses and 
written more professionally, but their subscription fee is 
substantial. Some packages are written by teachers, but 
owing to their limited programming experience, these 
packages are not very sophisticated. But usually they are 
tailor made and easy to obtain. A prototype can be given by 
the Sung Tsun Middle School in Sai Kung, New Territories, 
who have developed a Mark System to calculate student marks 
and keep student records since 1983. After thorough testing 
and implementation, they now make it available at a nominal 
charge to any school that would like to use it. A copy of 
their package introduction and sample outputs are included 
in the Appendix B • 
. ' " 
There is another package worth-mentioning written by amateur 
programmers, but professional teachers, called Automation 
Multiple Choice Question Selection System (Author's 
translation from Chinese). This system not only can select 
multiple choice questions from a question pool and give the 
model answers, it can also update the difficulty level of 
each question as well as identify which question has 
appeared in what test to ensure intelligent selection. More 
questions on various subjects and levels are now called for 
to be included in the question bank and are available to all 
subscription school members. 
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3.1.3 Feedbacks 
computer Studies has been offered to Form 4 and Form 5 
students for more than four years. So far, three batches of 
students have already taken the Hong Kong certificate 
Entrance Examination (more or less equivalent to the 
standard of that of the G.C.E. O-level) and the results have 
proved to be most encouraging. They have performed more 
than satisfactorily. However some teachers have observed 
that some very bright students are starting to refrain from 
taking this subject due to the fact that there is lack of 
continuation at the Form 6 level. They do not want to 
invest their time in a subject that will not be offered in 
Form 6 and hence not help them to gain entry to the 
universities in Hong Kong. Some schools decline to enter 
into the Computer Study Scheme for this same reason. The 
CUHK has a seminar on "Computer Studies at the Form six 
Level" to discuss this matter. The Government sees this 
problem and the Examination Authorities have invited 
opinions from secondary school principals on the 
introduction of the subject in the Form 6 level. The answer 
is in the affirmative on the condition that resources are 
obtained from the Government. 
The resources to which the school principals are referring 
are not only budgeting, but also with the availability of 
computer teachers. The commercial world is in urgent need 
of compute~ people. Clearly not too many computer major 
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graduates will be interested in the teaching profession. If 
Computer Studies are offered at the Form 6 level, it will 
increase the pressure of the already tense crisis. 
At present, there are regular computer in-service training 
courses each year and also seminars on Data Processing and 
Data Structure and Algorithm for secondary school teachers. 
But it is still hoped that the Education Department can look 
ahead to start up long term plans, such as a Teacher Release 
Scheme or a Teacher Development Program, as in other 
countries [6], for computer studies teachers in order to 
provide training, refreshing and updating to the rapidly 
changing computer technology. 
3.1.4 Further Expectations 
As it has been observed, the three batches of computer 
hardware provided by the Education Department to the schools 
are all different. The software run in one machine may not 
be run in another. The problems of incompatibility and 
importability make the exchange of packages and programs 
impossible, hence unnecessary duplication of effort is 
unavoidable. But there is the argument (which is also true) 
that the best suited computers were chosen at each time and 
that it was difficult, if not impossible, to foresee what 
the trend of microcomputer technology would be in two or 
three years' time. However, it would still be worthwhile to 
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make the effort to ensure that software packages would not 
be stalled due to hardware incompatibility. A 
standardization may benefit future development, such as 
ultra-school networking and communication with the 
universities in Hong Kong or even internationally. 
The current computer Studies syllabus for Form 4 and Form 5 
is already very demanding. Therefore if a syllabus for Form 
6 is to be set, it should consist of various options from 
which the students can choose. It should emphasize 
creativity, logical thinking and intelligent application 
rather than be encyclopaedic. If the Education Department 
is working on the implementation of computer Literacy at the 
levels of Form 1 to Form 3, they should let the students use 
the computer as a tool, to dispel fear of the computer 
world, to fascinate them with modern technology and to 
generate curiosity. Nob~dy wants to create computer phobia 
out of computer literacy. 
3.2 The Polytechnics 
In the Hong Kong Polytechnic, the Department of computing 
Studies is responsible for the servicing of all computing 
subjects to all other departments. Almost all the students 
are required to take at least one computing subject, some 
may need more. Take the Higher Diploma students in the 
Department of Mathematical Studies as an example. In the 
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first year, the students are required to take three 
computing courses, which include the fundamental concepts 
and a computer language, PASCAL, and Microcomputer and 
Applications. These three courses should be able to equip 
them with the general programming technique, and enough 
computer background for later studies and applications. In 
the second year, there are two more compulsory computer 
subjects, "Introduction to Information Processing " and 
"Introduction to System Software" which include data 
structure, file handling techniques and the operating system 
concepts. By this time, the students should have enough 
computing knowledge to use what they have learned in other 
subjects, such as Numerical Analysis, operations Research 
and Statistics. In the third year, there are two other 
courses offered, but they are optional. One concerns data 
communication and networking, while the other is the 
project. Almost all the students take these two courses 
irrespective of the fact that they are not compulsory. The 
syllabi are updated constantly and a revision has just been 
made. The author is one of the two members of staff in the 
department to be responsible for revising this curriculum. 
Detail syllabi are included in the Appendix B. 
In the summer of 1985, The Department of Computing Studies 
had an "Information Technology Summer Course" for HKP staff. 
The course offered the following topics: BASIC, FORTRAN, 
DATABASE, WORDPROCESSING and SPREADSHEET. Staff could take 
one or more topics depending on how much time they had. The 
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course included a series of filmS showing independent 
studies and working in the microcomputer centre. As found 
by talking with staff who had taken the course and 
observations by the author, it did not run very 
successfully. Enthusiasm died away gradually due to lack of 
consultation when problems ~YOse, no aims and no incentive 
due to continuous frustration. 
In the city Polytechnic of Hong Kong, the computer Studies 
Department is one of eight academic departments. However, 
they have placed great emphasis on computer literacy. Due 
to their short history in the Hong Kong community, it seems 
too early to give any conclusion on their blooming 
achievements. 
3.3 The Universities 
The two universities in Hong Kong did not introduce computer 
studies as a major subject until 1975. They were at least 
ten to fifteen years behind other places in this respect. 
The University of Hong Kong offers a Bachelor of Science 
(computer Studies) degree. Most graduates from this course 
are employed in the commercial field. In order to cater for 
those who want to take up their careers in the teaching 
profession, the Faculty of Science in HKU has implemented a 
new B.Sc curriculum putting more stress on microcomputer 
applications and related subjects, hoping that students will 
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be able to enhance their ability to use the microcomputer on 
computer studies education. The first batch of students on 
this course commenced their studies in September 1987. 
In the Chinese University of Hong Kong, due to the 
establishment of the microcomputer laboratory UCMCL (see 
Chapter 2), students in Computer Science and Electronics, as 
well as other faculties, have in addition access to the 
computer world. They can have hands-on experience of many 
popular commercial packages such as DBase Ill, Symphony, 
Lotus 1-2-3, etc. 
3.4 Follow-up Training 
Many employers find that employing fresh graduates often 
poses a problem dUe to their insufficient .. practical' 
',,' 
, 
experience in real life electronic data processing (EDP) 
projects. In view of this, the vocational Training Council 
is setting up an EDP Training Centre for people who are 
just starting their careers in this field. The main emphasis 
will be working on close-to-real-situation projects which 
include planning, discussions and presentation. The EDP 
Training Centre also plans to run evening courses for those 
who have been in the EDP profession for some time but have 
not had the opportunity to obtain tertiary education. These 
people will then be able to take up more responsible 
positions on completion of the course. 
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Chapter 4 
Survey On Computer Awareness Of HKP Students 
4.1 Why the Survey 
It is now more than forty years since the innovation of the 
first computer. It was in 1976 that the first microcomputer 
was introduced in the united states of America. Therefore, 
for some time now people have had some idea as to what a 
computer is. 
The author started this. survey in 1983, just a year after 
the Computer studies pilot Scheme was implemented. 
Consequently there should be no one involved in the survey 
who had benefited from the scheme. The same survey was 
conducted in successive years until 1986. During these 
years, the number of students having formal training in 
computer studies should have increased. It was in the 
author's interest to see if there were any significant 
changes in computer awareness in Hong Kong Polytechnic 
students during the period just before and after Computer 
Studies was introduced in the secondary school. Th~ result 
of the survey, however, should not be considered as an 
indication of computer awareness in all Hong Kong students 
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because it is somewhat biassed in the sense that the 
students in this survey were only those already admitted by 
Hong Kong Polytechnic: others with various educational 
backgrounds had not been included. 
Based on the results of the survey, the author would also be 
able to decide later how the computer Assisted Learning 
packages were going to be written. What topics should go 
in? Should detailed instructions of the operation of the 
machine be included? How much computer knowledge on the 
part of the students can be assumed? The findings of the 
survey will now be discussed. 
4.2 The Surveys 
The survey covered four academic years, 1983/84, 1984/85, 
1985/86, 1986/87, and was given in the form of answering 
written questions. A questionnaire was designed and used in 
the autumn of 1983. This was referred to as Questionnaire 
one, as there were other questionnaires connected with the 
feedbacks of students using the Computer Assisted Learning 
packages. The other questionnaires will be described in 
subsequent chapters. A copy of Questionnaire One : 
'Computer Awareness of Hong Kong Polytechnic Students' is 
attached in the Appendix C. 
The Questionnaire comprised nine questions occupying two 
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sheets of papers. The first page had five multiple choice 
questions, and the second page contained four open-answer 
questions. The following questions were asked: 
1. Sex 
2. Age group 
3. How much do you think you know about computers? 
4. Have you ever used a computer or an item that is 
controlled by computer? 
5. What advantage(s) do you think a computer has? 
6. An ordinary person has I.Q. around 100. What I.Q. 
score would you give to a computer? 
7. What things would you like to be processed by 
computer? 
8. Name 5 computer languages, spell them in full 
9. Name 5 computer manufacturers in full names, give 1 
computer model for each manufacturer; 
Details of each question are going to be discussed. 
Question 1 was to classify the student either male or 
female. Question 2 was to find the distribution of their 
ages. Since they were expected to be Polytechnic students, 
only 4 groups: below 20, 20-21, 22-23, 24 or above, were 
classified. These two questions would provide the 
statistics on the sample students. 
Question 3 gave a six-point scale, ranging from 'nothing' to 
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'very well', to indicate how much the students thought they 
knew about computers. Question 4 was simply a 'Yes' or 'No' 
question on whether they had used a computer or an item that 
was controlled by a computer. 
Question 5 gave a listing of choices that they would think 
of as the advantages of a computer. These choices were 
- Fast in speed 
Accurate in calculation 
Can solve problems for you 
Easy to use 
No need to take care of 
Questions 6 to 9 are open-answer questions. The students 
could fill in their own answers. 
These nine questions could easily be put into four 
categories according to their nature. They were: Personal 
Particulars, Questions 1 and 2; Self-judgement, Questions 3 
and 4; Computer Ideas, Questions 5, 8 and 9; and Their 
Computer World, Questions 6 and 7. 
4.3 The Target Population and the Sample 
The target population for this survey was all the year one 
students in Hong Kong Polytechnic who would necessarily 
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have to use the computer one way or the other during their 
courses. However, due to limited resources, it was 
impossible for the author to include the entire population. 
But it was the author's intention to include as many 
different disciplines of students as possible. The survey 
commenced in october 1983 and continued until october 1986. 
The sample involved Departments of Applied Science, Business 
and Management, Electrical Engineering, Mathematical 
,studies, and Mechanical Engineering, and the students 
involved were following full-time higher diploma, part-time 
evening endorsement and part-time degree programs. The 
questionnaires were distributed in person by the author 
during the first available period at the beginning of a 
term. The students were allowed a maximum of fifteen 
minutes to complete the questions. Discussion of answers 
among students was discouraged. Since question papers were 
collected immediately after they had been completed, zero 
non-response rate was assumed. However, some questions in 
the questionnaires may have been found to be unanswered, 
these would be treated separately. A total of nine classes 
and 336 respondents were obtained. Table 4.1 shows by year 
the departments of these 9 classes taking the survey 
together with their programs. 
This sample of nine classes, which spread through four 
academic years from 1983/84 to 1986/87, had actually come 
from five different departments following five different 
programs. That means the same program may have been 
1.- . 
Table 4.1 
Class 
No. Year 
1 1983/84 
2 1983/84 
3 1983/84 
4 1984/85 
5 1985/86 
6 1985/86 
7 1985/86 
8 1986/87 
9 1986/87 
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Departments In Chronicle Order 
Department 
Business & Management Studies 
Mathematical Studies 
Mechanical Engineering 
Mathematical Studies 
Electrical Engineering 
Mechanical Engineering 
Applied Science 
Applied Science 
Mathematical Studies 
(*) FT HD - Full-time Higher Diploma 
PTE END - Part-time-evening Endorsement 
PT DEG - Part-time Degree 
Table 4.2 Distribution Of Resl20ndents B:l Class 
Class No. Number of Respondents 
1 32 
2 29 
3 41 
4 43 
5 38 
6 29 
7 22 
8 26 
9 76 
Total 336 
Mode of 
Program(*) 
FT HD 
FT HD 
PTE END· 
FT HD 
FT HD 
PTE END 
PT DEG 
PT DEG 
FT HD 
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Table 4.3 Distribution By Department 
Department Number of RespondentS 
A Applied Science 48 
B Business & Management 32 
C Electrical Engineering 38 
D Mathematical Studies 148 
E Mechanical Engineering 70 
Total 336 
included in the survey in more than one year. For instance, 
the students in Department of Mathematical studies were 
included in 1983, 1984 and 1986; Mechanical Engineering in 
1983 and 1985; Applied Science in 1985 and 1986. In so 
doing, the author would also be able to make comparisons 
with students in different years but in the same program and 
department. The numbers of respondents of each of the nine 
classes is shown in Table 4.2, and the number of respondents 
of each of the five departments is shown in table 4.3. 
Please note that in these tables, the nine classes and five 
departments are numbered and labelled respectively for 
simplicity and will be used for future identification and 
reference. 
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Among the respondents, it was found that more than three 
quarters were male students and about one quarter were female 
students. In particular, almost all the students in the two 
engineering departments were masculine except one. The 
other departments also showed domination of one gender over 
the other. Table 4.4 and Table 4.5 give the distribution of 
respondents in sex by class and by department respectively. 
The bracketed values give the percentages. ·Percentages 
shown are rounded to the nearest integer and consequently 
they may not add up exactly to 100. 
Tables 4.6 and 4.7 give the age distribution of respondents 
by class and by department respectively. 
since the age groups were open-ended, the mean age could not 
be obtained. However, the modal class of each class and 
each department was identified by an asterisk. Inspecting 
the overall figures, the modal class was found to be in the 
age group between 20 and 21. The calculated mode was 20.85, 
and the age distribution was skew to the right, resulting in 
a positive skewness. 
Further study of the student ages in individual departments 
revealed that the majority of students in the Departments of 
Applied Science and Mechanical Engineering were in the older 
age group; this might be due to the fact that they were part-
time students and most of them would have been working for 
some time. It is also interesting to note that, possibly 
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Table 4.4 Distribution Of Sex By Class 
Class No. Male Female 
1 19 ( 59%) 13(41%) 
2 18( 62%) 11 (38%) 
3 40( 98%) 1( 2%) 
4 30( 70%) 13(30%) 
5 38(100%) o ( 0%) 
6 29(100%) o ( 0%) 
7 18 ( 82%) 4(18%) 
8 24( 92%) 2 ( 8%) 
9 41( 53%) 35(47%) 
Total 257( 76%) 79(24%) 
Table 4.5 Distribution Of Sex By Department 
Department Male Female 
A 42 ( 88%) 6(13%) 
B 19( 59%) 13(41%) 
c 39(100%) O( 0%) 
D 89( 60%) 59(40%) 
E 69( 99%) 1( 1%) 
Total 257( 76%) 79(24%) 
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Table 4.6 Distribution Of Age-grou~ By Class 
Class No. Below 20 20-21 22-23 24 or above 
1 6 22* 13 1 
2 22* 7 0 0 
3 0 4 18 19* 
4 19 21* 3 0 
5 6 19* 12 1 
6 0 0 13 16* 
7 0 6 5 11* 
8 0 4 6 16* 
9 46* 25 5 0 
Total 99(29%) 108(32%)* 65(19%) 64(19%) 
* The modal class 
Table 4.7 Distribution Of Age-grou~ By De~artment 
Department Below 20 20-21 22-23 24 or above 
A o ( 0%) 10(21%) 11(23%) 27(56%)* 
B 6 (19%) 22(69%)* 3 ( 9%) 1 ( 3%) 
C 6(16%) 19(50%)* 12 (32%) 1 ( 3%) 
D 87(59%)* 53 (36%) 8 ( 5%) o ( 0%) 
E o ( 0%) 4 ( 6%) 31(44%) 35(50%)* 
Total 99(29%) 108 (32%) * 65(19%) 64 (19%) 
* The modal class 
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due to their working experience, they had a higher score in 
some questions in the questionnaire than those of the 
younger groups. Further analysis will be discussed later. 
Taking both sex and age together, it was found that there 
were no female students in the "24 or above" age category and 
there were only 3 female students in the "22-23" age 
category. Compared with the males, who had a total of 129 
in the two categories, the females represented just over two 
percent. Therefore it could be concluded that generally 
speaking, the female respondents were in a younger group. 
4.4.1 Tabulation Results on Closed-Answer Questions 
In Question 3, it was asked "How much do you think you know 
about computers?". A six-point scale, 0, 1, 2, 3, 4, 5, 
corresponding to 'nothing', 'a little', 'a few', 'fair', 
'well', and 'very well' was given. The students were asked 
to choose the entry that they thought was most appropriate 
to apply to themselves, without comparing with others. It 
came out that nobody thought that he or she knew about th~ 
computer 'very well' and only a few of them (12 students, or 
about 4% of the total) thought that they knew the computer 
'well'. Almost one half of the students (48% of the total) 
thought that they knew 'a little' (scale point 1) about 
computers and approximately the same equal percentage of 
students spread among the 'nothing', 'a few', and 'fair' 
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categories. The average score was 1.49, or nearly the mid-
point of 'a little' and a 'few'. Table 4.8 shows the 
results of respondents bracketed by the percentage in class 
order. Table 4.9 gives the results in percentage by year. 
It was observed from Table 4.9 that the percentage of 
respondents who thought that they 'knew about computer fair' 
(scale point 3) increased constantly in three consecutive 
years. The increase in percentage in 1986 was even higher 
in the point 4 ('well') category, which was two-thirds of 
the total. Further analysis will be given in a later 
section. 
In Question 4, students were asked 'Have you ever used a 
computer or an item that is controlled by computer?". 
Irrespective of the fact that there were two non-responses 
to this question, it was surprising to see that over 
one-quarter of the students gave the answer 'No'. This 
• 
might be due to their being unaware that many home 
appliances nowadays, for example, washing machines, cassette 
deck players, video recorders, have microprocessors built 
inside them. And almost all newer models of microwave ovens 
can be programmed and decide the cooking procedure and 
cooking time for users. Needless to say, the bank's cash 
dispenser machines are a kind of computer terminal. Sooner 
or later, many mechanically operated parts will be replaced 
by electronics. It has been commented by Chen, T.e. [8] 
that : 
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Table 4.8 Distribution On Knowing About ComIluter By Class 
Class No. 0 1 2 3 4 5 
1 14(44%) 13(41%) 3( 7%) 2 ( 5%) O( 0%) 0(0%) 
2 7(24%) 18(62%) 2( 7%) 2 ( 7%) O( 0%) 0(0%) 
3 1 ( 2%) 18(44%) 16(39%) 5 (12%) 1( 2%) 0(0%) 
4 6 (14%) 24(56%) 6(14%) 6(14%) 1( 2%) 0(0%) 
5 4 (11%) 21(55%) 9(24%) 4 (11%) O( 0%) 0(0%) 
6 O( 0%) 12(41%) 7(24%) 9(31%) 1( 3%) 0(0%) 
7 o ( 0%) 7 (32%) 5(23%) 9 (41%) 1( 5%) 0(0%) 
8 o ( 0%) 8 (31%) 4(15%) 9 (35%) 5 (19%) 0(0%) 
9 14 (18%) 39(51%) 11(14%) 9(12%) 3 ( 4%) 0(0%) 
Total 46 (14%) 160(48%) 63(19%) 55(16%) 12 ( 4%) 0(0%) 
Table 4.9 Percentage On Knowing About ComIluterBy Year 
Year 
1983 
1984 
1985 
1986 
o 
22% 
14% 
4% 
14% 
1 
48% 
56% 
55% 
46% 
2 
21% 
14% 
19% 
15% 
3 
9% 
14% 
20% 
18% 
4 
1% 
2% 
2% 
8% 
5 
0% 
0% 
0% 
0% 
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"anything which sells for HK$100 may soon be armed 
with a computer chip to provide extra (apparent) 
intelligence, animation, flexibility and sales 
appeal, if not right in the merchandise, then 
probably in the container." 
Table 4.10 gives the distribution of this question in class 
order and Table 4.11 gives the percentage of the response 
grouped in years. 
In Question 5, it was asked "What advantage(s) do you think 
a computer has?" Five choices were given and students could 
tick one or more options that they thought were the 
advantages of a computer. These options were : 
a. Fast in speed 
b. Accurate in calculation 
c. Can solve problems for you 
d. Easy to use 
e. No need to take care of. 
Table 4.12 gives the response to this question and Table 
4.13 shows the percentage of students' response by year. 
since the students might tick one choice, two choices or up 
to all five choices, therefore the total percentage on all 
responses may be more than 100. According to the result, 
over 83% of the students thought that the computer had the 
advantage of doing things fast, and the percentage decreased 
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... 
Table 4.10 Distribution Of Ouestion 4 In Class Order 
Class No. Yes No 
1 22 (76%) 10(24%) 
2 18(69%) 11 (31%) 
3 31 (62%) 10(38%) 
4 33 (77%) 10(23%) 
5 29(76%) 9(24%) 
6 21(72%) 8(28%) 
7 19 (86%) 3 (14%) 
8 21(88%) 3(13%) 
9 55(72%) 21(28%) 
Total 249(74%) 85(26%) 
Table 4.11 Percentage On Question 4 By Year 
Year 
1983 
1984 
1985 
1986 
Yes 
70% 
77% 
78% 
76% 
No 
30% 
23% 
22% 
24% 
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Table 4.12 Response On Ouestion 5 In Class Order 
Class No. a b c d e 
1 24(75%) 17(53%) 9(28%) 4(13%) 0(0%) 
2 24(83%) 19 (66%) 21 (72%) 2 ( 7%) 1 (3%) 
3 34 (83%) 27(66%) 26(63%) 8(20%) 1(2%) 
4 39(91%) 26(60%) 18(42%) 7(16%) 0(0%) 
5 30(79%) 8 (21%) 15(39%) 6(16%) 0(0%) 
6 24(83%) 12 (41%) 14(48%) 5(17%) 0(0%) 
7 17(77%) 10 (45%) 13(59%) 2 ( 9%) 1 (5%) 
8 25(96%) 11 (42%) 10 (38%) 3 (12%) 0(0%) 
9 63 (83%) 51(67%) 52(68%) 17(22%) 2 (3%) 
Total 280(83%) 181(54%) 178(53%) 54(16%) 2 (1%) 
Table 4.13 Percentage On Question 5 By Year 
Year a b c d e 
1983 80% 62% 55% 14% 2% 
1984 91% 60% 42% 16% 0% 
1985 80% 34% 47% 15% 1% 
1986 86% 61% 61% 20% 2% 
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following the order of the choices. Only 1% of the 
responses thought that there was no need to take care of 
computers. Furthermore, there were 116 students who 
selected only one option and out of those, 56% thought that 
the computers were 'Fast in speed', 7% 'Accurate in 
calculation', 33% 'Can solve problem for you' and 4% 'Easy 
to use'. That was no student who selected just the 'No need 
to take care of'. 
4.4.2 Cross-Tabulation Results 
Some of the results in the closed-answer questions of this 
survey will be cross tabulated in this section for 
analysis. The reader is reminded that part of the purpose 
of the survey was to investigate any changes in computer 
awareness of students over these years. Therefore the 
emphasis will be on a yearly comparison of the results 
instead of on a class or departmental basis. 
The students' computer awareness may be affected directly or 
indirectly by many factors, such as environment, social 
background, age, etc. Since the evolution of electronic 
technology, such as the innovation of the integrated circuit 
(I.C.), the very large scale integrated circuit (VLSI) and 
the microprocessor, the cost of hardware products in the 
computer market has dropped drastically in recent years, 
especially in terms of value per computer memory byte. The 
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price of a personal computer is now within the reach of many 
people, and even students. This provides more opportunities 
for them to have close encounters with modern technology. 
The results of this questionnaire confirm this conjecture. 
Table 4.14 shows the mean values of the students who thought 
they knew about computers in the four years according to 
their age groups. The mean values were calculated by using 
the six-point scale ranging from zero to five corresponding 
to from 'nothing' to 'very well' respectively as defined 
previously. Please note that due to no respondents in the 
age 24 or above category in 1984, no mean is given. Reading 
from the table vertically, the mean values of each age group 
had a positive increment compared with the previous years, 
with only a few exceptions, such as in 1984. The 
inconsistency may be due to the effect of incoherent or 
small size of the sample group. When the. table is inspected 
horizontally, it was found that the mean values also 
increased in age group. Therefore it may, apart from some 
abnormalities, be concluded from the calculated mean values 
that what students thought that they knew about computers 
for one year is higher than that for the students in the 
previous years, and a similar phenomenon also appeared if 
the older age group is compared with the younger age 
groups. Table 4.15 shows the mean values as regards sex. 
Speaking overall, male students had a higher score than 
female students. The result can be explained as that in the 
traditional social background, it is in general expected 
that male students are more interested in science, 
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Table 4.14 Mean Of Ouestion 3 By Age By Year 
Year Below 20 20-21 22-23 24 or above 
1983 .7857 1.0000 1.6500 1.6000 
1984 1.1053 1.3333 3.0000 
1985 .8333 1.4800 1.9667 1.9643 
1986 1.2391 1.3793 2.0909 2.6875 
Overall 1. 0606 1.2778 1. 9385 2.0313 
Table 4.15 Mean Of Question 3 By Sex By Year 
Year Male Female 
1983 1.4156 0.5200 
1984 1. 5667 0.8462 
1985 1. 7294 2.2500 
1986 1.8769 1.1081 
Overall 1.6537 0.9367 
Table 4.16 Cross Tabulation On Question 4 And Question 5 
Year Well Fair Few· Little Nothing 
1983 1(1%) 9(10%) 14(24%) 39(62%) 8 
1984 1(2%) 6(16%) 6 (30%) 17(70%) 3 
1985 2 (2%) 20 (25%) 17 (44%) 28(75%) 2 
1986 8 (8%) 17(25%) 11(35%) 35 (70%) 5 
Total 12(4%) 52(19%) 48 (33%) 119 (69%) 15 
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technology and engineering sUbjects. In the next section, 
two statistical testing techniques will be applied to test 
the significance of some of the hypotheses in order to give 
a more rigorous conclusion. 
Table 4.16 gives the distribution on 'How much do you think 
you know about computer' and 'Have used a computer or an 
item that is controlled by computer'. The bracketed values 
are cumulative percentages. Reading from the table, it is 
obvious that the percentages of students both who thought 
that they knew about computers and had hands-on experience 
increased somewhat over the years. The results shown may be 
due to its being easier for students to obtain and to gain 
access to computer facilities in these years. The factor of 
price reduction of microcomputers, mentioned before, also 
cannot be neglected. However, the increase started to 
become negative in 1986, starting in the point 2 ('a few') 
and downward scales. This phenomenon can easily be verified 
by the analysis shown in the next section. 
4.4.3 Analysis on Self-Judgement Questions 
There were two questions concerning self-judgement in the 
survey. The first one, Question 3, was "How much do you 
think you know about computers?". In this question, a 
six-point scale ranging from 0 to 5 corresponding to from 
'Nothing' to 'Very well' was given. The students were asked 
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to select anyone of the options, without making any 
comparison with others, that they thought was most 
applicable to themselves. Table 4.17 gives the number of 
responses in each scale by year. since no students thought 
they knew about computers 'Very well', this option was 
omitted from the table. Reading from the table, there was 
no observed score pattern within the data although it is 
pointed out that the mean value increased somewhat each 
year. To investigate this, the Chi-square analysis was used 
to test if their differences were significant. However, for 
Chi-square analysis, entries with small values in the 
contingency table can lead to a large error. Investigating 
the data in Table 4.17, it was found that some of them were 
too small, particularly in the last column. To lessen the 
effect due to small numbers, the 'Fair' and 'Well' columns 
were combined to give one single column of a 'Quite well' 
score. The contingency table then consisted of 4 columns, 
being 'Nothing', 'A little', 'A few', and 'Quite well', as 
shown in Table 4.18. Then each year was being compared with 
the other years. The null hypothesis being tested was that 
the proportions of the four categories in one year were the 
same as for following years. The alternate hypothesis was 
that the proportions were not the same. Table 4.19 gives 
the results of the Chi-square analysis. 
For a 4 x 2 contingency table, the number of degrees of 
freedom is three. At a 95% confidence interval, the 
critical value of the Chi-square distribution is 7.8. Those 
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Table 4.17 Response On Ouestion 3 By Year 
Year Nothing Little Few Fair Well 
1983 22 49 21 9 1 
1984 6 24 6 6 1 
1985 4 40 21 22 2 
1986 14 47 15 18 8 
Table 4.18 Re-grouped Response On Ouestion 3 By Year 
Year Nothing Little Few Quite Well 
1983 22 49 21 10 
1984 6 24 6 7 
1985 4 40 21 24 
1986 14 47 15 26 
Table 4.19 Results Of Chi-square Analysis On Question 3 
Compared Year Chi-square Value 
1983 - 1984 2.8 
1983 - 1985 17.6* 
1983 - 1986 9.9* 
1984 - 1985 7.8* 
1984 - 1986 1.9 
1985 - 1986 5.5 
* statistically significant 
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Chi-square values marked with an asterisk are significant. 
That is, comparing between 1983-1985, 1983-1986, 1984-1985, 
the null hypothesis is rejected at the 0.05 level of 
significance, which shows there is a statistical likelihood 
of the students rating their knowing about computers 
differently in these years. 
To see why the differences for the other three years were 
not significant, the sample classes were examined. In the 
year 1984, due to availability of survey classes and limited 
resources, there was only one class of students in the 
Department of Mathematical Studies included in the sample 
survey and only a total of 43 respondents were obtained (see 
Tables 4.1 and 4.2). If this was to be compared with the large 
sample size of other years, some kind of bias should be 
expected. This might be the explanation for a low 
Chi-square value in 1983-1984. From the same token, it 
might also be part of the reason why the Chi-square value 
for the years 1984-1986 was not significant. The marginal 
Chi-square value in 1984-1985 compared with that of the 
distribution critical values reinforced this proposition. 
However, if another contingency table was to be constructed 
to make comparison with only the students of Department of 
Mathematical Studies in 1983-1984, a Chi-square value of 
35.03, which was highly significant if compared with the 
distribution value of 7.8, was obtained. This result might 
suggest that if a large sample size had been collected in 
1984, homogeneous Chi-square values over all these years may 
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have occurred. Another approach to analyze how the 
significance of hypothesis from the mean value difference is 
applied is as given in Lindgren [10]. The Z-test analysis 
was used to test if there was significant difference between 
population or large sample size means. The mean values and 
standard deviations of the students who thought they knew 
about computers given by years as defined previously was 
calculated and is shown in Table 4.20. Then each year's 
mean was being compared with the means of the other years. 
The null hypothesis being tested was that there is no 
difference in mean increase between what students thought 
they knew about computers in one year and that in the other 
years. The alternate hypothesis was that there was a 
difference in mean increase. Table 4.21 gives the results 
of this analysis. 
since only two mean values were compared, --the number of 
degree of freedom is one. At a 95th percentile confidence, 
the critical Z-va1ue is 1.65. Those Z-va1ues marked with an 
asterisk are significant. That is, comparing between the 
years 1983-1984, 1983-1985, 1983-1986, the null hypothesis 
is rejected at the 0.05 level of significance. The result 
shown was almost the same as that of the Chi-square test 
except in 1984-1985, where the Z-value differed by only 
about 0.11 from the critical value, but was covered in the 
94th percentile confidence. The negative Z-value in the 
compared years 1985-1986 showed a decrease in mean values 
between these two years. 
Table 4.20 
Year 
1983 
1984 
1985 
1986 
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Results On Knowing About computer 
Mean Values 
1.1961 
1. 3488 
1.6147 
1.5980 
standard Deviation 
0.9124 
0.9731 
0.9119 
1.1626 
Table 4.21 Results Of z-test Analysis 
Compared Year 
1983 - 1984 
1983 - 1985 
1983 - 1986 
1984 - 1985 
1984 - 1986 
1985 - 1986 
Z-Values 
1.85* (Only on Mathematics Students) 
3.33* 
2.75* 
1.54 
1. 33 
-.12 
* statistically significant 
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Results shown in the two significance tests suggested the 
same idea that it was statistically significant that. students 
increasingly thought they knew more about computers in the 
years 1983 to 1985. This synchronized with the booming of 
the microcomputer market in the early 1980s and the 
introduction of the Computer studies pilot Scheme in the 
secondary schools in 1982 in Hong Kong. Although the first 
batch of students also completed the computer studies Scheme 
did not appear before 1984, it has promoted a common 
interest in computers among the students ever since. As 
more students were aroused by the new developments of 
electronic technology in the microcomputer world, so it 
became obvious in the statistics of the students in the Hong 
Kong Polytechnic. The fact that figures in 1986 did not 
show a significant effect might be due to the levelling out 
of the general computer awareness in students in these 
, 
years. As it will be understood, it is-not possible to 
assume that the amount they thought they knew about 
computers would increase indefinitely. The author believes 
that the increase may reach a point of equilibrium and that 
there will not be another serious significant change in 
respect of this in forthcoming years. 
In Question 4, another self-judgement question "Have you 
ever used a computer or an item that is controlled by 
computer?" was asked. The response given by year is shown 
in Table 4.22. the Chi-square analysis was then performed 
in a manner similar to that outlined previously. The null 
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Table 4.22 Response On Ouestion4 
Year 
1983 
1984 
1985 
1986 
Total 
Yes 
71 
33 
69 
76 
249 
No 
31 
10 
20 
24 
85 
Table 4.23 Results Of Chi-square Analysis 
Compared Years 
1983 - 1984 
1983 - 1985 
1983 - 1986 
1984 - 1985 
1984 - 1986 
1985 - 1986 
Chi-square Value 
0.66 
1.72 
0.90 
o 
o 
0.12 
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hypothesis being tested was that the hands-on computer 
experience in one year was the same for following years. 
The results obtained are given in Table 4.23. 
As defined, the contingency table is 2 x 2 and the number 
of degree of freedom is 1. At the 0.05 level of 
significance, the critical Chi-square distribution is 3.84. 
There is no Chi-square value which is significant. 
Therefore, it was suggested that although it appeared that 
there were some changes in the data, there was no 
significant difference in hands-on computer experience of 
students in these years. 
4.4.4 Computer Ideas Questions 
There were three questions concerning the computer ideas 
that the students had. Question 5 was a mUltiple_choice 
question and Questions 8 and 9 were open-answer questions. 
These questions were so selected to see if the students had 
a general ideas of the present computer world. 
Question 5 asked "What advantage(s) do you think a computer 
has?". Five choices were given and not all choices were 
correct. In option a, it was given "Fast in speed". There 
is no doubt that computers can work at a tremendous speed. 
starting from the ENIAC which could perform 5,000 arithmetic 
operations a second, the speed of computers has since 
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increased enormously. The term MIPS (Million Instructions 
Per Second) was introduced only a few year ago. But right 
now, there are already people talking about BIPS 
(BillionInstructions Per Second) and TIPS (Trillion 
Instructions Per Second). There is research work taking 
place on the Photonic Computer, which is in a different 
family from the Electronic Computer, and which may be able 
to operate at the speed of light. It seems that the 
increase in speed will never come to an end. In Option b, 
"Accurate in calculation" was given. This is, however, not 
an advantage a computer has. Numerical values stored inside 
a computer are normalized and converted either in binary 
form, hexadecimal or other forms, depending on the design of 
the system. However, no matter what form is being used, all 
stored numbers have to have a finite number of digits. Some 
may have 8 digits, some 10, some may have 16 or more. As 
long as only a finite number of digits is possible, errors 
• 
are·expected to occur in representing some numerical 
values. For instance, all the irrational numbers, such as 
square root 2; some fractions, such as one-third; cannot be 
expressed in a finite number of digits. Some minicomputers 
give only 6 decimal places in single precision calculations, 
far less in accuracy than even a hand-held calculator. If 
the computer were accurate in calculation, most elementary 
Numerical Analysis text books would not have a chapter on 
"Error Propagation" in the first place. Rearch on symbolic 
computation has been done in the hope that calculation 
errors introduced by computers can be reduced. In Option c, 
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it was given "Can solve problems for you". This is also not 
true either. A computer can only do things under 
pre-programmed instructions. It is being used to provide 
answers to problems not because it can solve them, but 
because the algorithms and the logic behind the problems are 
known and have been fed into the computer. Then the problem 
is handled accordingly if correct input format and data is 
supplied. without the given pre-programmed solution, the 
computer is completely ignorant. In Option d, it was said 
that the computer was "Easy to use". In the early stage of 
the computer era, if a job was to be submitted and run, a 
complete team of experts to supervise the operations of the 
computer was necessary. Nowadays, when a user sits in front 
of a computer terminal, there is also a group of systems 
analysts, programmers and operators supporting his job in 
the computer centre. Someone might think that this does not 
apply to microcomputer users. " However, if one wants to use 
the microcomputer effectively and efficiently, not to 
mention that one needs to know,the required computer 
language, one also needs to study the computer's system 
manuals, reference manuals, etc. If counted together with 
the other optional manual texts, these may stack as high as, 
if not exceed, the computer itself. Some well written 
software packages run on microcomputers are claimed to be 
user friendly and manual driven, but inevitably, the more 
powerful the software package is, the more complicated it 
is. To understand the options and switches provided by a 
sophisticated software package would take weeks of hard 
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study and trial and error processes. Furthermore, most 
communications with the computer have to go through the 
randomly organized keyboard which cripples many users. It 
is hoped that the new generation of computers will be much 
easier to use by at least accepting instructions from human 
dialects. The last option, option e, was that there was "No 
need to take care of" computers. In fact, it is the 
contrary. One common weakness of all electronic equipment, 
compared with other types such as mechanical ones, is that 
they can only function in a limited environment, such as a 
specified narrow temperature and humidity range. They will 
not work if it is too hot, too cold, or too wet. Direct 
contact with liquid will short the circuits. The climate in 
most regions of the world, such as Hong Kong, would not let 
the computer survive without a controlled environment. Some 
computers, like the super-conductor computers, even require ~ 
built-in cooling system to dispense the heat generated while 
operating. Their sensitivity·in electrical power also needs 
extensive care. Although usually they do not consume much 
power, a small fluctuation of voltage will cause 
unpredictable results -- data may be lost, or the equipment 
may even be damaged. 
From these five options, only option a is acceptable, but 
the students could tick any number of choices ranging from 
only one to all five. Taking all the combinations from 
these 5 options, there were in total thirty-one cases. But 
not all the cases were included in the responses. There 
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were ten empty entries to this question, out of which 
combinations including the option e had a nine counts 
share. Table 4.24 gives the first ten most commonly chosen 
combinations of options ranked by overall responses compared 
with the ranks of the four years. The number of responses 
is given in brackets next to the rank. 
Despite of what advantages computers do actually have, as 
discussed above, the students did show a similarity in their 
concepts of computers over these years. That is, the 
students not only thought that computers were fast, but also 
could give accurate calculations and could solve problems. 
This brings to the attention of the author in the 
development of the Computer Assisted Learning software 
package the need to put some emphasis on the advantages and 
disadvantages of a computer. 
In Question 8, the students were required to "Name 5' 
computer languages" and in Question 9 to "Name 5 computer 
manufacturers, give 1 computer model for each". since these 
two were open-answered questions, analysis applying 
numerical techniques would be somewhat difficult·. However, 
after taking tally, some results are given as follows. 
Tables 4.25 and 4.26 give respectively percentages of 
students that could name three or more computer languages 
and the first five common computer languages given by 
students. As seen from the tables, there was a noticeable 
increase in percentages between 1983 and subsequent years 
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Table 4.24 comgarison In Rank In Question 5 
Combinations 
in options Overall 1983 1984 
abc 
a 
ab 
c 
ac 
ab cd 
abd 
b 
acd 
d 
ad 
where 
1 (71) 1(24) 3( 8) 
2 (65) 3(16) 2( 9) 
3 (62) 2 (19) 1(12) 
4 (38) 4 (12) 4( 4) 
5(33) 5 ( 9) 5( 3) 
6 (21) 6( 7) 5( 3) 
7 (11) 7 ( 3) 5( 3) 
8( 8) 6( 7) -( 0) 
9( 7) 9 ( 1) -( 0) 
10( 5) -( 0) -( 0) 
10 ( 5) 9( 1) 6( 1) 
a - Fast in speed 
b - Accurate in calculation 
c - Can solve problems for you 
d - Easy to use 
e - No need to take care of 
1985 
3 (11) 
1(26) 
2 (12) 
2(12) 
2 (12) 
5( 2) 
5( 2) 
6( 1) 
4 ( 4) 
4( 4) 
6( 1) 
1986 
1(28) 
3 (14) 
2 (19) 
4 (10) 
5 ( 9) 
5 ( 9) 
6( 3) 
-( 0) 
6( 3) 
8( 1) 
7( 2) 
Table 4.25 Percentage Of Resgonse On Comguter Language Names 
Year 3 or more 4 or more upto 5 
1983 65% 43% 17% 
1984 71% 55% 34% 
1985 73% 75% 41% 
1986 82% 66% 26% 
- 67 -
Table 4.26 Percentage Of Response On The Five Languages 
Year Assembler BASIC CaBaL FORTRAN Pascal 
1983 14% 82% 73% 70% 35% 
1984 26% 91% 81% 67% 44% 
1985 31% 93% 81% 90% 79% 
1986 9% 90% 76% 87% 62% 
Table 4.27 Percentage Of Response On Computer Companies 
Year 3 or more 4 or more upto 5 
1983 93% 83% 48% 
1984 63% 40% 35% 
1985 74% 55% 45% 
1986 63% 46% 31% 
Table 4.28 Percentage Of Response On Computers 
Year APPLE ATARI IBM PDP or VAX 
1983 65% 27% 53% 48% 
1984 72% 33% 49% 9% 
1985 82 19% 88% 25% 
1986 70 18% 80% 33% 
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that students could name three or four or five computer 
languages, and it is also evident that BASIC and other high 
level languages were gaining more renown. Table 4.27 and 
Table 4.28 show respectively the percentages of students who 
could name three or more computer companies and the 
percentages of four most common computers. Response on 
being able to name the computer manufacturers seemed to be 
declining in the four years, but the popularity of 
individual computers showed some interesting trends. In 
1982, when the computer Studies Scheme was first introduced, 
the first batch of microcomputers supplied by the Hong Kong 
Education Department was Atari, therefore this microcomputer 
was brought more to the attention of the students. In 1984, 
when APPLE computers were on the school list, Atari gave way 
and its popularity was replaced by the APPLE computer. As 
the IBM microcomputer is getting its share in the personal 
computer market, it gained the students' recognition in that 
it led Atari by as much as 69% in 1985. The fact that 
DEC's computer was known to students might be due to the 
Hong Kong Polytechnic using VAX and POP minicomputers so 
that students had a greater chance of knowing the name from 
sources like the prospectus or friends in the Polytechnic. 
The results obtained were expected and self-explanatory. 
There are three other observations obtained from these two 
open-answer questions. The first was that occasionally 
there were incorrect spellings in computer language names. 
Actually, most language names are acronyms of words, such as 
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FORTRAN, coming from FORmula TRANslation, and COBOL from 
COmmon Business oriented Language. If the students had 
known where the names come from, they would not have got 
them wrong. Secondly, some software packages, such as dBase 
III and WOROSTAR, were mistakenly given as computer language 
names. This clearly showed lack of understanding of the 
differences between the two. Lastly, some students had 
mixed-up the computer company names with the computer model 
names, for IDstance, some students did not realize that OEC 
is the company's name and the computers they developed are 
modelled POP and VAX. 
Nevertheless, the questions asked concerning computer ideas 
were not meant to be a thorough test and were by no means 
representative. They were so chosen because it was found 
that these concepts sometimes seemed to be misunderstood by 
some students and it is the author's interest to identify 
some of them and to bring them to the attention of the 
students. A brief discussion of these questions with the 
students was given every time after the survey, their 
interest in wanting to gain more computer knowledge was 
conspicuous from the questions raised and the excitement 
shown on their faces. 
4.4.5 Their Computer World 
with a~l these modern electronic technology inventions, 
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Table 4.29 I.O. Score Given To computer 
Class non-
Number response 0 <100 100-120 >120 (*) (#) 
1 1 16 8 3 3 0 1 
2 3 6 11 4 4 0 1 
3 0 19 10 4 5 1 2 
4 3 28 8 1 2 0 1 
5 3 18 8 5 3 1 0 
6 0 12 12 3 2 0 0 
7 0 5 12 2 1 1 1 
8 2 17 4 0 1 0 2 
9 2 28 10 19 15 1 1 
Total 14 149 83 41 36 4 9 
(*) - Commented that it cannot be compared with 
(#) - Commented that it depends on how sophisticated the 
operating system and the intelligence of the user • 
. '.'., 
students could well have their own ideas and expectations 
about this restless computer world. To find out what kind 
of computer world they did have in their minds, two open 
questions were asked. Question 6 stated that "An ordinary 
person has I.Q. around 100. What I.Q. score you would give 
to a computer?". Table 4.29 summarized their response. 
Over 44% of the response gave a zero score in Intelligence 
Quotient to computer and just above one-tenth of them 
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thought that a computer has an intelligence similar to that 
of an ordinary person. There were thirteen students who did 
not give a score to the computer but commented either 
"Cannot be compared with" or "Depends on how sophisticated 
is the operating system and on the intelligence of the 
user". One of the largest topics in research and 
development other than making computers faster, smaller in 
size and larger in memory capacity, is the artificial 
intelligence, which was restricted to large computers a few 
years ago and can now be available to people who are using 
microcomputers [9]. In the future generation of computers, 
it will be possible to have functions such as pattern 
recognition, knowledge representation, decision making, 
learning, etc. as basic criteria which can carry out tasks 
that would now require human intelligence. 
In question 7, it was asked "What things you would like to 
be processed by the computer?". Although there were extreme 
answers like "Everything", or "Nothing", or simply "All 
assignments given by lecturers", there were some common 
interest things that they wanted to be done by the 
computer. Among all their various wishes, the first 
priority was to have the computer to do what it was 
originally envisaged for -- the number crunching work. More 
than half of the students in each year's response wanted 
their tedious computations, routine calculations and 
repeated iterations to be done by the computer, some hoped 
to have their data analyzed as well. Their second wish in 
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the list was to let the computer handle their records, such 
as their friends' telephone numbers and addresses. This can 
be viewed as elementary thinking of data processing and a 
data base system. It is also worthwhile to point out that 
only in 1985 and 1986, were there responses of hoping that 
report typing, word processing and the like could be done 
using the computer. students might be aware of the impact 
of office automation in the commercial society that in turn 
widened their thinking. other than serious work, there were 
approximately 10% to 20% in each of the four years that 
associate game playing with computers. There is nothing 
wrong with this, after all, most games are logical, or 
mathematical, and stick to rules, they provide good 
analogies to actual situations involving human beings and 
their environment. Business, military and pilot training 
often apply game theory with the computer to simulate the 
real operation which may be costly, dangerous or even 
impossible. 
4.5 Conclusion 
Computer literacy is a dynamic area of education and 
training. The technology and its applicability are 
constantly breaking new barriers. This knowledge can be 
regarded as an everyday skill available to everyone. Like 
all other skills, it decays if it is not taught and learnt 
thoroughly, and if it is not practised and updated from time 
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to time. This process involves repeatedly the three 
procedures of knowing, understanding and doing. Studies 
have shown that computer literacy enables students to cope 
confidently with the technology when they encounter it in 
its various forms at work and at home, and to adopt a 
considered view of its social implications. It surely 
enhances their future employment potential in all respects. 
A computer literate student does not need to be an expert in 
program writing, but at least he should fulfil the two 
statements as defined [11] that he should have : 
"(i) A general awareness of Computer jargon and 
computer systems 
(ii) The skill to react with a computer to 
perform useful tasks." 
To give a conclusive accomplishment to students of Hong Kong 
over the preliminary stage of computer literacy seems too 
early and inappropriate at the moment. However the aims and 
objectives are there and some elementary positive results 
are evident. The survey on computer awareness of Hong Kong 
Polytechnic students in these years has confirmed this 
fact. In the survey, it has been shown that it is 
statistically significant that the Hong Kong Polytechnic 
year one students have increasingly thought that they knew 
more about computers since 1983. A less significant value 
compared by the critical Chi-square value in a 95% 
confidence interval only appeared in the year 198·6 when the 
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author believes that the significance level would not 
increase indefinitely and that the students had reached an 
equilibrium point of thinking that they knew about 
computers. However, in responding to the question whether 
they had ever used a computer or an item that is controlled 
by computer, the null hypothesis which assumed the 
proportions of response in one year were the same for the 
following years cannot be rejected. This may suggest either 
there was not much change in students' hands-on computer 
experience or the students were not aware that many of the 
machines encountered daily, such as banks' electronic teller 
cash mechines, subway gates and many home appliances run 
under the operation of computers or microprocessors. 
In the question concerning the advantage of computers, most 
students agreed that computers were fast.. But many of them 
did not realize that computers were not accurate in 
calculation and could not solve problems. Their 
misunderstanding may be due to the processes involved in 
learning mathematics. Generally they were too often 
presented with precise or integral data to which a 
particular mathematical technique was expected to be 
applied, and no question would be raised as to the degree of 
accuracy of the result, it is only either right or wrong. 
They were seldom exposed to irrational numbers or 
transcendental numbers which could not be represented 
exactly by computers. It is also unlikely that they would 
have encountered data that had no simple existing algorithm 
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to handle it. Therefore they had the illusion that 
everything fed into the computer would produce an answer 
which must be perfect. Not arguing from the pedagogic's 
points of view, sometimes it might be worthwhile to give 
guidance to students to let them exploit and experience the 
powerfulness of the computer, but at the same time perceive 
its limitations. 
From the survey, most students were able to name three or 
more computer languages and computer models. Although there 
were occasional misspellings and mixing up of names, they 
had shown adequate computer literacy as defined in [11]. 
The computer world in the students' mind was practical too. 
Many of them thought that computers had an intelligence 
score of zero but would like the computer to manage their 
academic affairs, their records and to play games with 
them. They would like the computer to be their personal 
assistant as well as their good companion. 
This survey should, by no means, be viewed as a 
comprehensive study in computer literacy of Hong Kong 
students. It is only in the interest of the author to find 
out what computer backgrounds, in particular, do the first 
year Hong Kong polytechnic students have and whether there 
was any significant change in their awareness of computers 
since the Computer pilot Scheme was introduced in Secondary 
Schools in 1982.· The findings were found to be interesting 
and fruitful. Also, based on the results, the author has 
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been able to decide the topics in the Computer Assisted 
Learning software packages, which will be discussed in the 
next few chapters, most suitable for the year one Hong Kong 
polytechnic students taking the Numerical Analysis course. 
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CHAPTER 5 
A CAL Package Used By Students Of HKP 
5.1 Introduction 
CAL has been used in the education sectors for some time now 
in many countries, such as the united states [12]. In 
France, a study to develop strategies and curricula on 
teaching using minicomputers was undertaken in the early 
1970's. Later, when the impact that microcomputer 
technology would have on the overall computer world was 
realized, a shift of emphasis to microcomputer systems was 
quickly made [15]. Nowadays microcomputers are not only 
used substantially in secondary schools all over the world 
[18], they are also used heavily in primary schools [19]. 
Pupils use microcomputers to help their skills in 
mathematics as well as spelling. The Turtle and BBC Buggy 
[20], robots designed for children's use, are examples of 
the used microelectronic technology to develop and stimUlate 
the problem-solving skills of primary school students. 
The thing that most concerns educationalists is the 
psychological effect that would be caused by using CAL. The 
supporters of behaviorism see CAL as the implementation of 
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programmed learning. The computer, which operates at high 
speed and allows versatile interaction by branching, takes 
over the mechanical teaching machine to make the individual 
"frame" appear on a colourful television screen. Skinner, a 
psychologist and a behaviorist, was primarily interested in 
conditioning which is based on Thorndike's law of effect of 
stimulus versus response, and had his own version of 
"operant conditioning" [23]. He believes, through 
experiments with rats and pigeons, that learning is a 
behaviour process of exploration and trial and error and 
that the behaviour pattern would change dramatically if 
reward is obtained. Furthering his experiments, Skinner was 
able to discover four basic factors [26,P.2l] that CAL 
should be employed to increase learning effectiveness. These 
four factors are summarized as follows : 
(a) Piecewise but connected sequential information 
(b) constant active response 
(c) Immediate feedback and reward 
(d) Progress at one's own pace 
This "reinforcement theory" has been used by many 
educationalists who claimed successful outcomes were 
obtained. However, there are some criticisms on unwise use 
or badly designed CAL packages. Amongst the most 
influential and interesting at the present time is Papert 
[39] in Mindstorms. He criticizes much of what is done at 
present with computers in schools in that the computer is 
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now programming the children how and what to learn instead 
of being programmed itself by the children. He further 
provides an amended, broad and theoretical way of treatment 
of the use of computers for learning. He introduces the 
idea that children are able to learn programming by 
controlling the movement of the now renowned Turtle a 
floor robot which can be made to leave a trace of its 
travels. At the heart of his idea is that once the children 
begin to explore the world of lines, shapes, space and the 
relationship between them, they will develop the adult-like 
formal logical thinking, abstract reasoning, and imaginative 
hypothesis. As Papert himself puts it, 
"children can learn to use computers in a 
masterful way, and. • learning to use 
computers can change the way they learn 
everything else." 
As discussed so far, the use of computers in an educational 
setting falls into two categories : teaching with the 
computer and teaching about the computer. In Hong Kong, 
teaching about the computer in the secondary school was 
started more than four years ago. The Computer Section of 
the Education Department is working on the implementation of 
LOGO, a sophisticated programming language as well as a 
theory of thinking, in the lower form as a computer literacy 
curriculum. However the use of microcomputers in teaching, 
such as CAL, and particularly in mathematical education, is 
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very new. The traditional chalk and board still reign over 
most of the students' learning process. The author, having 
been teaching in the Department of Mathematical studies in 
the Hong Kong Polytechnic (HKP) for a number of years, feels 
that the idea of using CAL with microcomputers on 
mathematics subjects should be introduced. He, therefore, 
having selected a topic, developed the software packages 
which were then used by the students of the HKP, and is now 
and in subsequent chapters going to discuss the experience 
and the findings obtained. 
5.2 The Aim and Content 
The aim of this work was to develop a CAL software package 
in mathematics subjects, to introduce it to the students of 
HKP and to obtain feedbacks after they have been using the 
package. The feedbacks are then analyzed, results being 
obtained and conclusions reached on the use of 
microcomputers in mathematics teaching. 
In the first instance, the content material has to be 
decided. The author has been teaching calculus to 
engineering students for a number of years, experience 
having been gained on both what are the weakest areas of the 
students and what is the best possible teaching approach on 
some of the topics. In fact, taking into account the 
advantage of the graphic capability of microcomputers, some 
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parts of the calculus syllabus, such as polar coordinates 
and conic sections that many students find difficult, can 
well be presented by CAL. However, in recent years the 
author has taught mainly Numerical Analysis, and it seems 
natural to think that number crunching Is the job of a 
computer and that numerical subjects can be presented 
magnificently by microcomputers as well as graphic 
functions. Furthermore, there are quite a few papers 
published internationally in this subject area by many 
mathematicians which would provide valuable help and guide 
lines [44]. In addition, the results shown in the survey of 
computer awareness of HKP students (see Chapter 4) reveal 
that over one half of the students thought that the computer 
had the advantage of performing computations very 
accurately. Therefore the author decided to develop a CAL 
package on what and how error would occur when using the 
computer in Numerical An?ly~is. 
Having selected the topic to be used initially, a choice had 
to be made as to what type of educational program was to be 
written. Although Burke [45] gives much finer categories of 
teaching programs according to their functional, physical 
and logical designs, it is generally accepted that there are 
three type of CAL lessons, the drill and practice, the 
direct instruction/tutorial, and the electronic teaching 
aid. The nature of CAL software being produced will now be 
considered using these three types as a basis for 
discussion. 
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Drill and practice programs form one of the oldest designs 
of CAL lessons and have been subject to considerable 
criticism. The basic role of such a program is to use the 
computer to display a series of problems of a given type and 
have the student to solve them one by one. The problems may 
be in increasing difficulty level and allow multiple attempt 
answers. Some educators feel that drill and practice, while 
having been shown to be very effective and to have 
significant success in improving grade level, is not 
desirable in our current education system because it 
provides no more than a mechanism for factual recall and a 
test of a particular skill. 
The second type is the direct instruction/tutorial program. 
This often involves the delivery of knowledge or concepts by 
breaking a lesson task down into a series of sub-tasks and 
the receipt of feedback by interaction of the 'keyboard from 
the learner at each stage with the help of graphics. This 
type of CAL is seen to be a versatile learning aid for 
individuals with endless applications. 
The third category is to use the program solely as an 
electronic teaching aid. It serves more or less as an 
electronic blackboard to demonstrate a particular phenomenon 
or to perform a special experiment which may not be easily 
-explained or done by, say, an overhead projector, a 
blackboard or in the real life situation. One of the 
advantages of using the computer is that the process can be 
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done repeatedly with or without varying the parameters. The 
flying simulator has been used in this respect successfully 
for many years. 
Among these three types of CAL software styles, it was 
decided the second one, that is the direct 
instruction/tutorial program, was to be adopted due to its 
suitability for the topic "Error". The objectives and the 
contents of the lesson were then planned. 
The primary objectives of the software are 
To identify what types of errors, in general, may 
occur when using the computer for numerical 
applications and why they happen. 
To demonstrate, by using examples and interacting with 
users, how the errors start and how to minimize them. 
To add interest and to motivate the user in this 
subject area. 
The contents of the topic were planned to include five 
parts. The first part was the introduction, whilst the 
second, third and fourth described the three general sources 
of errors, and the fifth part was to be the estimation of 
propagation of errors • 
. ,.~ 
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In the introduction, the way in which numbers were stored 
inside a computer was explained. It shows that error was 
bound to occur when the number of digits used by a computer 
w~$ finite whereas many numerical values, such as the 
transcendental number PI, the irrational numbers such as the 
square root of 2, and some fractions like 1/3, were not. 
The second part of the lesson explained that error could be 
due to the nature of the data and data transfer. The 
obtained data might come from experiments or observations 
where accuracy of the instruments and uncertainty of 
measurements had not been taken into account. Furthermore, 
when data were keyed in, copied or transferred either 
manually or electronically, the possibility of inducing 
errors during the process increases. Some suggestions to 
minimize such errors were mentioned. 
Rounding and truncation errors were demonstrated next in the 
third part of the lesson. The First Principle of Calculus 
was given as an example. According to the theorem, in order 
to obtain a better approximation of the derivative, the 
values of the interval used have to be very, very small 
(approaching zero, in calculus jargon), however, in 
practice, it is only true up to a certain degree. The 
result would get worse if the interval used is too small. 
The reason is due to rounding error. This type of error was 
further elaborated and shown by examples. 
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The third source of error, errors due to inappropriate 
interpretation of formulae, was introduced in the fourth 
part. Two examples were used to demonstrate two different 
arrangements of the same formula, showing that altering the 
sequential order of doing the arithmetic would yield 
different answers. At the end, Horner's Rule, a 
factorization technique for polynomials based on synthetic 
division, was explained. This simple grouping of 
polynomials is one of the methods of rearranging formulae to 
reduce errors of this type. 
The last part of the lesson was to derive the four equations 
to estimate errors when using the four arithmetic 
operations. If two values which already had errors were 
being added, subtracted, multiplied or divided, the 
propagation error of the sum, the difference, the product, 
or the quotient can then be approximated. However, due to 
reasons which are to be discussed later, it was decided not 
to include this in the final version of the CAL package. 
In the initial planning stage, one of the things to be 
ensured is that adequate examples would be included in each 
part of the lesson and hands-on trials would be added 
whenever possible and appropriate. A handout, which covered 
the lesson material in more detail, would also be prepared 
to incorporate with the CAL package. A copy of this is 
included in the Appendix D. 
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5.3 The Approach 
It is obvious that the first consideration of using a CAL 
package is access to the computer. There were quite a few 
microcomputers available on the market at the time the work 
was started but each had its own characteristics and these 
were not compatible to each other. This made the actual 
design of the CAL lesson confined by the hardware 
configuration, such as the graphic capability, the 
resolution, and, the static, as well as the dynamic, 
instruction set. Programming in one machine can be 
completely different from that in another machine. 
Therefore the choice of microcomputer being used to develop 
a CAL package is crucial. Once one machine has been decided 
upon,a change of machine almost means starting the job all 
over again. 
In the author's case, to decide which microcomputer was to 
be used was straight forward because the APPLE computer was 
the only microcomputer facility available in the Department 
of Mathematical studies at that time. The only thing left 
to be considered was whether to use a computer language or 
to use an authoring language to develop the package. If the 
CAL lessons are to be written in one of the so called high 
level computer languages such as FORTRAN, BASIC, PASCAL 
etc., then the task is reasonably straight forward in the 
sense that these computer languages have a clear, precisely 
defined structure and words of command which can be used in 
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the predefined way. Such languages give complete 
flexibility and can tailor-make the CAL version to contain 
whatever feature one wants to include. The only drawback of 
using computer language is that one has to have a good 
knowledge of the language and be fully conversant with 
computer logic. If the CAL lessons are to be written in an 
authoring language, a further investigation is necessary. 
5.3.1 Authoring Language 
An authoring language for CAL is a special purpose software 
package designed to perform specific functions. They are 
usually easier to learn to use and are quite powerful so 
that a lot of development time is saved compared with when 
using a general purpose computer language. This primarily 
aids the generation process of creating computer assisted 
learning lessons for teache.rs who are 'not programmers and 
are not fully conversant with computer logic. On the other 
hand, an authoring language is not as flexible as a 
programming language and is restricted and has limitations 
in many ways. 
There are a number of authoring languages available on the 
market, but after some investigation, it was decided to use 
the authoring language SuperPILOT in the development of the 
CAL package. SuperPILOT is the second version of the Common 
PILOT (Programmed Inquiry Learning Or Teaching) language 
- 88 -
which was developed in the early 1970's in an attempt to 
provide teachers, who may know only little about computer 
programming, with the medium to produce computer based 
instructional packages. The APPLE SuperPILOT consists of a 
standard instruction set which is quite mnemonic. There are 
twenty-six instructions to be used in the four editors : the 
Lesson Text Editor, Graphics Editor, Character Set Editor, 
and the Sound Effects Editor. Most of the instructions 
consist of simply one or two characters which contain three 
basic components : the instruction name, a colon, and the 
object of the instruction. For example : 
T : Welcome to Lessons on Numerical Analysis 
is the "Type" instruction of the SuperPILOT which causes the 
welcome message to be displayed on the screen. Note that 
the "T" is the instruction keyword for "Type" which must be 
followed by a colon and can be either in upper or lower 
case. 
In order to provide some decision making and intelligence 
over the instruction codes, SuperPILOT offers two ways to 
alter the execution of most of the instructions. This 
involves the addition of eight modifiers and five 
conditioners. The modifiers, if included to be used with 
the twenty-six instructions, can modify the way in which an 
instruction operates. For example, "A :" is the instruction 
code for accepting a response from the user, using the 
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modifier "S" will give the instruction "AS :" which means to 
accept only a single character response. 
In the case of the five conditioners, they can be used to 
determine whether or not the instruction will be executed 
under various elements. For example : 
TY : That's right. Well done. 
will display (Type) the encouraging remark if the last match 
is successful (Yes). 
Combining these modifiers and conditioners with the 
instruction set, programs and instructional strategies can 
be developed into more complex sequences. Furthermore, 
SuperPILOT is menu driven and prompts are given when working 
.. 
within each editor to provide· easy development of a powerful 
CAL package. other advantages of using the SuperPILOT are 
that the special effect instructions provide versatile 
variation of sound, graphic and colour options which can 
give an animated display of visual information. Most 
important of all, in view of Numerical Analysis, it gives a 
comprehensive mathematics instructions set which includes 
the algebraic, the transcendental and the trigonometric 
functions. other than the complete instruction set, it also 
provides file management, editors and utilities that help 
the development of a package at ease. Detail structure, 
mode of operation and restrictions can be referred to the 
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manual [46]. 
One of the disadvantages of using an authoring language is, 
as it was. confirmed later, that the versatility is at the 
expense of computer time. The software will run noticeably 
slowly if demanding computation is needed. Unfortunately, 
in Numerical Analysis, extensive calculation is unavoidable. 
5.3.2 The Design and Layout 
Many of the principles related to the design and layout of 
print materials relate to the design and layout of a CAL 
package. Not all of them apply, however, those that do need 
to be modified because there are significant differences 
between the printed page and the computer screen displays. 
There are ideas and guidelines [49] based on the experiences 
of practitioners in the field as well as some empirical 
evidence that certain basic requirements should be sought on 
the video screen. These suggestions can be grouped into 
four categories, namely screen format, paging, conciseness 
and interaction. 
The screen format in a package gives a very first impression 
to the viewer. It is the front door to the presentation of 
the materi~l. It is suggested that the entire screen should 
be divided into systematic windows such that the text and 
graphics are arranged in such a way as to take advantage of 
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natural eye movements. Text, diagrams, figures and response 
should be displayed in consistent windows and not jump 
around all over the screen so that learners do not need to 
hunt for information they are expected to use. Material on 
a screen should not be crowded together. If text is given, 
it would be better to use double line spacing, but whether 
it is right margin justified or not is unimportant. 
Hyphenated words and flashing text should be eliminated as 
this would decrease readability. 
The second category is paging. Almost all printed materials 
are arranged according to pages; this should not be 
different in CAL lessons. It is recommended that the 
contents presented should be divided into frames, with each 
frame being equivalent to a page in a book. If there is any 
movement or alterations in the graphs, pictures or diagrams, 
let the participal1~.s see the effect of changes. liPwever, do .: 
not expect the learner to be able to look at two different 
things ~1 the screen simultaneously, so any changes should 
be done one by one and frame by frame. As some people may 
read faster than others, a fixed computer controlled time 
for a frame may not be appropriate. Therefore, it is better 
to let the learner control the duration of the displayed 
material by making a response on the keyboard, such as 
"Press any key to continue". This participation of page 
turning requirement not only can allow users to progress at 
their own pace but also let them take part in the learning 
process. It is also helpful to allow readers to page 
,./ 
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backward as people sometimes do with written material. 
The third category concerning the design and layout of a CAL 
lesson is the conciseness. written materials are easy to 
use and give scope for little ambiguity, but in a computer 
it may not be quite as simple. It is well known that 
computers are very fussy in exact matching and preciseness, 
therefore it is recommended that all instructions given 
should be clear, simple and concise. It is understandable 
that notations and symbols are unavoidable, particularly in 
mathematics subjects. It is suggested that if they are 
being used, they should be consistent and appropriate to the 
contents and to the age of the users. However, use of 
cryptic abbreviations and codes in an attempt to save space 
is not recommended. Most educationalists do not object to a 
CAL package making reference to books, tapes, slides etc., 
as long as these are easily accessible or ;eadily 
available. In the text, sentence structure should be in 
accepted spelling and grammar, statements like "GO NEXT 
PAGE", "TRY SOLVE PROBLEM NOW" should not be used. In 
checking responses to questions, it is obvious that on the 
computer it is difficult to check answers to open questions 
and proofs given by students and these should be kept to a 
minimum. Answer recognition can be made much easier by 
multiple choice, tables of solutions or direct numbers. 
These can also eliminate unnecessary long typing being given 
to the students and the frustration of giving wrong answers 
only because of mismatch spellings. Some CAL packages use 
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graphics and sound as part of their title pages. These-
would add interest to the user and serve as the motif of the 
package. But fancy title pages take time to generate and 
would annoy the users, especially if one uses the program 
frequently, therefore they should be kept only for a nominal 
time. 
The last thing, but not the least, to observe in producing 
CAL packages is interaction during the lesson. It is 
important not to allow the program to present several pages 
of information without a significant response from the 
learner. It seems the more interactive a program is the 
more interesting it is. When responses are being keyed in, 
the computer should check the validity of the input, for 
example, numbers should be within range, the data given is 
correct etc. If the response is incorrect, do not use 
sarcastic feedbacks such as "Can't you do better than " 
:.~ 
that?", rather, use some encouraging statements like "Nice 
try, but that is not quite right" and provide some new 
information or hints to let the learner try again. For a 
correct response, let the computer give personal and 
humanized remarks such as "That is right, John. Keep up the 
.good work!". 
Much more comprehensive details covering coding hints have 
been given by Bajpai [50]. Together with the eleven helpful 
DO's and DON'T's for developing softwares that were gained 
from experience with the MIME project, they also listed four 
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basic design features that should be considered in a system 
as a whole. These features may provide consistency and 
flexibility of operation combined with confidence that the 
package so designed can be used with ease. 
5.3.3 The Coding 
As far as actual coding is concerned, a CAL lesson can be 
written in one long program or broken up into a number of 
short programs. Although computer memory is no longer the 
constraint for a large program that it used to be, several 
short programs are still more desirable for many reasons. 
The major advantages are that they are easier to expand or 
to make changes if needed and they can be tested 
individually in the development stage hence saving debugging 
time. The only drawback might be that it would need more 
frequent access to the disk and would make the overall 
program length longer due to the overheads taken in passing 
parameters from one program to the next. 
In this CAL 'Error' lesson, the package consists of several 
program segments, the division being mainly according to the 
content material. The first and last programs are the 
'HELLO' program and 'END' program respectively. The other 
programs are on the basis of one per topic as laid down in 
the previous section. Each program started by cleaning the 
screen, identifying itself and defining the window. This 
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procedure is recommended in all program development as it 
saves a lot of trouble in updating and amendment later. 
There are also some standard subroutines in each program. 
There is one subroutine to handle requests to go back and 
review the previous section at any run time and another to 
be responsible for the linkage of the preceding program. 
Another common subroutine is to check the validity of the 
input from the user. A brief outline of each program is 
being described below. 
The 'HELLO' program serves as a starter and gives the 
greeting and the general introduction to the users. The 
'END' program, as its name implies, informs the user of the 
completion of the lesson. These two programs are somewhat 
similar and are rather simple at the moment, however, they 
provide a complete flexibility for further expansion in the 
future such as the ability-to add more modules and to link 
up with other software. 
The second program gives the first and second parts of the 
lesson contents as explained in section 5.2. It describes 
the reasons why error would occur in storing numbers and the 
first source of induced error. Since the material is fairly 
straight forward and simple, it is presented as instruction 
type and included within one program segment. 
The third program deals with the idea of the second source 
of induced error, rounding and truncation errors, mainly by 
- 96 -
means of two examples. The two examples both invite the 
student's participation. The first example, as mentioned 
before, is the First Principle of Calculus. Four pre-set 
values, in decreasing interval width, are calculated by the 
computer to demonstrate the down and up error phenomenon in 
a given function. Then it invites students to input some 
interval width and to try for themselves. Results are 
immediately evaluated and displayed so that students can 
compare the values of the pre-set intervals with that of 
their input values. The second example is to sum l/n n 
times. The program uses the random number generator to 
choose three numbers ranging from 10 to 50 for evaluation. 
Due to rounding errors, the sum 
the exact value, that is, one. 
try some of their own numbers. 
does not necessarily yield 
students are then invited to 
It is hoped that, through 
these two hands-on examples, students will become aware that 
rounding and truncation errors can happen even in very 
simple calculations. 
In the fourth program, the concept of the third error type 
is explained. other than to demonstrate that the order of 
sequence of doing the arithmetic of the same equation will 
yield different answers, a special graphic effect is used to 
illustrate, step by step, how to factorize an n-degree 
polynomial using Horner's method. 
The fifth program simply derives the formulae for estimation 
of propagation errors. The complete CAL package program 
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listings, except the fifth program, which was withdrawn 
later, are included in the Appendix D. 
As coding is only one part of the CAL lesson production 
process, correct coding, design and layout of the package 
have no guarantee of success. The total CAL package creation 
process includes several other time consuming processes as 
well, such as validation, field-testing and constant 
updating. various aspects of the use of the CAL package are 
considered in the next section. others will be discussed in 
the next chapter. 
5.4 The Use 
The CAL package is planned to be used by first year students 
in the Department of Mathematical Studies in HKP. But before 
it is actually being used, the software has to be validated 
by field-testing. The validation, it is believed, should be 
seen as an integral part of the developmental process and can 
serve the purpose of improving and refining the CAL lesson. 
A group of students, who were taking Numerical Analysis and 
had already covered the topic"on Error by normal lecture 
mode, have been able to react and make suggestions and 
comments on the package. Their reaction was favourable and 
they generally felt that the lesson was interesting, easy to 
understand and not difficult to use. There were comments 
saying that the package was too slow, too simple and that 
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some kind of test questions should be included. Their 
reaction on the material being too simple was expected 
because they had learned the content already and should not 
have any trouble understanding it. After all, to make 
learning simple and easy is one of the aims of CAL. 
The relatively slow speed in some parts of the lesson had 
been noticed during the program developmental stage. As has 
been mentioned before, the package was written using an 
author language, SuperPILOT, which took care of all of the 
management work. The system automatically paging a program 
by small segments from disk to memory virtually allowed a 
single program as large as a disk could hold. Together with 
many other facilities provided by the authoring language, 
there was no doubt that it would be slow. However, if the 
program consisted of only standard instructions, general 
graphics and simple calculations, it ran at normal speed. 
In fact, the author had to use the 'WAIT' function in some 
parts of the program to slow down the graphic movements in 
order to demonstrate the processing effect. since looping 
and iterations, which demand extensive computation, are 
frequently needed in Numerical Analysis, the slowness was 
evident. Although careful program planning and multiple 
statements per line had been made to help increase the speed 
and efficiency of the program, the longest "black out" time 
observed in the lesson was about five seconds, that was the 
best the author could do. 
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The comments that some types of test questions should be 
included in the lesson were seriously considered and it was 
decided not to implement these in the package due to the 
fact that this package was not meant to be a drill and 
practice one. However, questions to ask the students' 
understanding on the subject was put in the questionnaire 
which will be discussed in the next chapter. 
other than some small corrections and improvements, there 
was one major change over the package due to timing. The 
running of the whole lesson for an average student was about 
45 minutes and the students generally felt that this was too 
long. Although there was no single strategy of how long a 
CAL lesson should run, some students may get tired of the 
computer after five minutes while others work happily for 
hours and more, it is generally accepted that a half hour or 
so package is more appropriate. Therefore, after some 
consideration and discussions with the students, the last 
part of the lesson was removed in the light that it was 
somewhat an integral part on its own. Then the total 
average run time was rightly reduced to a reasonable 
level. 
After the field-testing and the necessary amendments, the 
package was on time for use for students in the Numerical 
Analysis class in the Department of Mathematical Studies. 
They were first year students of the HKP and many of them 
did not have experience on microcomputers. But the package 
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was designed to be user friendly and very easy to use. All 
they needed to do was to borrow the disk from the 
Mathematics Laboratory, put the disk in the diskette drive 
and switch on the computer. The lesson would then be loaded 
and start all by itself. When the lesson was finished, they 
simply took out the disk, switched off the machine and 
returned the disk. But before they left, they were required 
to complete a questionnaire. Nevertheless, just for the 
sake of some absent minded students, a procedure list 
together with the incorporated written CAL material was 
given to them. 
Concerning the actual usage of the CAL package, there was a 
foreseeable technical problem. In the Mathematics 
Laboratory, there were only two APPLE computers for 
students' use,but·there were 83 students taking the 
subject. If each student occupied one terminal per hour, it 
would span one whole week (counting 40 office hours per 
week) non-stop using the two computers immediately one after 
another solely for this project. In order to ease the 
possible congestion, they were given about six weeks' time 
and were warned well ahead. As it turned out, the operation 
went smoothly without problem. 
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CHAPTER 6 
Feedback From The CAL Lesson 
6.1 The Ouestion Paper and the Evaluation 
Even since there has been computer assisted learning, there 
have been applications in almost every subject of the 
curriculum. with the advent of the microcomputer, CAL in 
the classrooms provides for an even wider range of interests 
[52]. Physical education uses computers to show, for 
example, body movement in gymnastics. Artists use the 
computer as a tool to study picture composition, to 
demonstrate perspective construction, or to create complex 
. . 
patterns. A computer can generate musical notes and, with 
or without the presence of the teacher, give ideas of scale, 
chords, keys, time signatures, and so on. Other exemplary 
application areas are modelling, information storage and 
retrieval, process control, etc. Of all the subjects of the 
curriculum using CAL, none has received more attention in 
this respect than has mathematics. It has gained immense 
popularity among educationalists and computer scientists in 
teaching mathematics. The most obvious applications of CAL 
are in the field of graphics, such as geometry, iterative 
problems that can arise through the repeated applications of 
a simple process, and those areas involving complex formulae 
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and the need to investigate what happens if some of the 
parameters are changed. Nevertheless, in all the different 
subjects, it is certain that the use of the computer has led 
to a review of teaching methods, and in some cases, the 
subject matter itself. 
The design and preparation of a good CAL package is not easy 
and, if done properly, is often very time consuming. It is 
estimated that from 200-400 man-hours are required to create 
lessons totalling one hour in duration [46]. Worse than 
that, no matter how thorough has been the planning, 
preparation and production of the software, this will still 
contain errors, flaws and weaknesses that cannot be 
predicted. It is unreasonable to assume everything is 
perfect, especially when it is difficult to know how 
students will react to any material being used for the first 
time. Hence the importance of another time consuming task -
that of the evaluation of the CAL material. 
The main reason for evaluation of a CAL lesson is because 
even after taking considerable care over the preparation of 
the material, one can never be sure of the effects and 
effectiveness of such material. It is only the use of 
appropriate evaluation techniques to attempt to identify and 
explain the effect and effectiveness of the software package 
that can lead to improvements in teaching, and, 
consequently, in the user's learning. In simple terms, 
evaluation is to provide information of how well the 
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material has been communicated to the users. 
The process of trying to identify the effects and 
effectiveness of instruction is generally known as formative 
evaluation and is concerned with the on going process of 
education. It is not concerned with the grading of 
students, but with the providence of information to both 
teachers and students. In this sense, formative evaluation 
involves an assessment instrument to inform students how 
they are proceeding during the learning process and not 
after it. It also makes teachers aware of the difficulties 
and misunderstandings on the part of students and identifies 
the areas of weakness within the material that are causing 
difficulties. This source of information is very important 
because, resulting from the evaluation, both teachers and 
students are aware of the areas of difficulty and other 
weaknesses, and what kind of action is called for. When all 
the material is investigated, the weaknesses, flaws and 
errors that occur can be improved and modified. It is 
suggested that the formative evaluation of the learning 
material should start very early on, even in the preparation 
and production stages. It should be a continuous process 
and is seldom finished if the material is being used year 
after year. 
The evaluation process the author used is identified by two 
distinct stages. The first stage was a subjective 
evaluation which was carried out before the CAL packages 
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were actually used. The second stage was the objective 
evaluation which was carried out by the students using the 
package. Under the subjective evaluation, several points 
were considered. The most elementary step was to eliminate 
typographical errors. Then the language and wording being 
used were examined. It is often suggested words and 
sentences should be plain, straightforward and as short as 
the subject allows, maintaining, however, accepted spelling 
and grammar. other than the language, the tone should be 
friendly, lively and interesting, and with humour where 
appropriate. The level of difficulty was also evaluated at 
this stage. A checklist has been produced by the Open 
University on the academic acceptability of learning 
materials. It states that the material should be : 
- factually correct 
- up-to-date 
- adequately supported by evidence 
- careful to avoid over simplification or over 
generalization 
- true to the nature of the discipline 
- balanced and at pains to present opposing points of 
view where appropriate. 
During the subjective evaluation, a small scale pilot study 
was carried out. Although this kind of evaluation is a 
little more objective, which belongs to the second stage, 
both student comment and performance provided feedback on 
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all aspects whether it be the material itself, the chosen 
strategy, the objectives, or the resources and constraints 
etc. The feedback was seriously considered and a few 
changes and modifications were made based on the objectives 
and the theme of a teaching/learning software package 
through computer aided instruction. There was one major 
improvement made to the package. The run time of the entire 
lesson for an average student has been cut to about thirty 
minutes by reducing the content material. As it was later 
found out from the objective evaluation, this was a very 
reasonable and acceptable time for students in running a 
lesson. 
The objective evaluation was to provide information on the 
effect, effectiveness and successfulness of the learning 
package. There are general guidelines on what variables 
should possibly be measured;' They include the 
identification of basic weaknesses in students' prerequisite 
knowledge and therefore the need to provide remedial 
tuition, the extent to which each student achieved the 
objectives using the material, the provision of a record of 
the students' background and how the learning material is 
used, and the appropriateness of the instruction style, 
presentation and built-in interactive questions. The 
author set oui Cl 'LLLe5t~o rtrta.i. re" bClS€LcnAhese ,~u.i.de. Li MS-
to evaluate the variables on these aspects of the students 
using the CAL package. The questionnaire was divided into 
four sections, namely, the Lesson content Questions, 
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Questions On student's Particulars, Feedback Questions, and 
the open Answer Question section. In what follows, the 
responses and results will be discussed in detail. A copy 
of the questionnaire is included in the Appendix E. 
This objective evaluation questionnaire was clearly labelled 
into four parts, section A to section D. Before the 
students tried to answer the questions, they were required 
to study the CAL package on Error which is one of the topics 
in the Numerical Analysis I syllabus. In using the package, 
the student first had to come to the Mathematics Laboratory 
and check if there was an APPLE computer available. If 
there was, then he could borrow the lesson disk from the 
technician in charge and study the package by himself. The 
complementary reading material and the questionnaire were 
given at the same time but the students were requested not 
to read the questions before the package was completely 
studied. The package may be used by the students at any 
time during office hours and a six-week elapse time was 
given to them to complete the lesson. Despite the fact that 
there were 83 students sharing the two APPLE computers, 
no one complained about the limited computing facilities and 
they managed to finish the study in time. 
6.2 Lesson content Questions 
section A of the questionnaire consisted of five questions 
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which were all concerned with the lesson content. The 
questions were 
1. The reason that a stored number may not be the 
exact value is because • 
2. Give four methods to minimize error in data 
transfer. 
3. In the example of the first principle of calculus, 
what h value did you try? How does the error 
compare with others? 
4. In the example of summing l/n n times, what 
values of n does the computer use? Which have 
zero erro~ 
5. Factorize the following using Horner's Rule : 
x4 - 3x2 + 2x - 4 
These questions were not meant to be post-test problems 
although they looked as though they were. They were only 
treated as a kind of students' self-assessment questions 
which were provided as the confirmation of knowledge in the 
learning process or as the detection of which portions of 
the learning sequence need additional remedial options. 
These questions would not be graded in the sense that they 
would affect the student's final examination score of the 
Numerical Analysis I result. The students could find many 
of the solutions in the complementary reading material and 
they could refer to it when they felt this to be necessary. 
Out of the five questions, the first two questions were 
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straight factual concepts. In the first question, the 
reason that a stored number may not be the exact value is 
because numbers stored inside a computer have to have only a 
finite number of digits whilst most numerical values do 
not. For the second question, there were five methods 
mentioned in the lesson to minimize the error in numerical 
data transfer, they are double check, parity check, range 
check, consistency check and check digit. students could 
choose any four for their answers. In answering these two 
questions, all the students were able to give the correct 
solutions. A few of them even elaborated the points in more 
detail and gave one or two examples. This definitely showed 
their competence over the content material. 
The CAL package demonstrated rounding error with two 
examples, both of the examples requiring the student's 
participation. The first example defined the first 
principle of calculus which stated that the interval h 
should approach zero in order to obtain a better 
approximation of the derivative of a function. The package, 
having given a function, preset some values of h, 
evaluated the derivative of the function, and printed out 
the errors. The values of h used by the computer were 
0.01, 0.001, 0.0001 and 0.00001. It showed that the error 
first improved for decreasing values of h but then got 
worse as h became too small. The package then invited the 
students to try some of their own values. 
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Question 3 in the questionnaire asked what values they tried 
and how the errors compared with those when other values 
were used. In their responses, the students reported using 
a very large range of numbers, from values near 1 to one 
ten-thousand-millionth. They all obtained the expected 
phenomenon as just explained. One observed that : 
"As the value of h becomes very very small, 
the error becomes large again (in absolute 
value). When h is larger, the error is 
positive. When h is very small, the error is 
negative." 
One student had even been able to find an h value that 
obtained the smallest error one could find. There was 
another student who commented that : 
"I tried (h equal to) 1 and it complained with 
a beep sound." 
This beeping sound signal was because the author felt that 
it would not make much sense if students should try any 
value that was one or greater. Therefore the program was so 
written as to bar all unreasonable inputs. This sort of 
error trapping routine is always recommended. A maximum 
number of trial inputs from a student had also been set to 
prevent them from having too many tries. 
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The second example providing hands-on participation for 
students was to sum l/n n times. The computer initially 
generated three random numbers between 10 and 50 for the n's 
and evaluated the sum of the reciprocals to see how far thet 
were from unity. The differences were printed. The 
students were then invited to try some values for 
themselves. A message was given to them which stated 
"Try some numbers yourself. Remember, I am 
very slow, so don't give me any value larger 
than 50." 
Actually, a larger number can produce a better rounding 
error effect, but it takes a longer time for calculation. 
Since the APPLE computer is already slow in itself, and 
there were quite large computations involved in this 
example, such as the generation ~f random-numbers, the 
evaluation of the reciprocals of the numbers, and the 
summations of the fractions, in addition to the use of the 
authoring language, the slowness of the computer was 
magnified. Therefore, in order for the students not to have to 
wait for too long, a value less than or equal to 50 was 
specified. A subroutine was then added to check that all 
input values were within the range of 1 to 50. This range 
should suffice for the demonstration of rounding and 
truncation errors. 
Question four then asked which numbers they observed had 
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error zero. As it turned out, most students commented that: 
"None of them has error zero." 
There was one student who stated that : 
"It has error zero only when we let n lie 
between 1 and 9." 
Although careful program planning was made in this part in 
order to minimize the run time, the freeze time was still 
noticeable and was commented upon by some of the students in 
the later section of this questionnaire. 
Question 5 asked the students to factorize a given degree 4 
polynomial using Horner's Rule which was introduced in the 
lesson. This involves the understanding of the lesson 
content. As a result, all of the students were able to give 
the correct factorization. 
The five questions in this section were concentrated on 
knowledge of the subject content. The students were 
ultimately doing satisfactorily. Although it is too early 
to draw a concrete conclusion on the accomplishment of CAL, 
it is still worthwhile to note the students· excellent 
performance. other. comments and feedbacks are to be 
considered and will be discussed next. 
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6.3 Questions on student's Particulars 
section B of the questionnaire consisted of five questions 
about the student's particulars on using this package. The 
questions were : 
1. How long did you take to finish the package? 
2. Can you type? If you can, how fast? 
3. What computer experience do you have? 
4. Do you have a personal computer? 
5. Have you taken any similar package like this one 
before? If so, what package? 
These questions were trying to find out some background of 
the students in the computer related aspects and the time 
taken to use this package. In Question 1, it was found that 
the time given by the 83 students to finish the package 
varied from 10 minutes to 60 minutes. The mean time was 
28.54 minutes and the standard deviation was 8.59 minutes. 
The mode was found to be 25 minutes and the median was 26 
minutes. observation of the Normal Probability Plot of the 
result showed that the time needed for students to finish 
the package was not exactly normally distributed. Other 
analysis was used to test the normality; the Goodness of Fit 
Test rejected the null hypothesis that the time distribution 
using the package was normal within the 95% confidence 
interval. Since the distribution showed positive skewness 
which implied skewness to the right, it suggested that there 
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were more students who finished the package in less than the 
mean time than there were who took longer than the mean 
time. Table 6.1 gives the Stem-and-Leaf Plot, the Boxplot 
and the Normal probability Plot of the result from the SAS 
(Statistical Analysis system) package. 
As has been suggested, no single teaching strategy was 
indicated or how long a CAL package should run. Some 
students got tired of the computer after 5 minutes while 
others might work happily for an hour or more. However, 
many educationalists recommend that a computer lesson should 
be less than thirty minutes. Heaford [54] gives a graph 
illustrating that students show a saturation in performance 
quality if a continuous training session is over 30 
minutes. He suspects that during long, highly technical 
training sessions, the human psychomotor system is bombarded 
with too many'training stimuli, and it becomes difficult to 
organize the information into an acceptable form. This 
causes an interference effect, which confuses the laying 
down of the appropriate motor pattern in the nervous system, 
hence reducing one's concentration and performance. 
However, if there is a change of activity or a rest after 
some time interval, the deterioration in technique or the 
unstable performance of the skill is not shown. The results 
of the part of the questionnaire asking for students' 
comments and of the questions asking about the length of the 
package (see the next section) also supported this 
argument. Therefore, the author believes that a single CAL 
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Table 6.1 stern-and-Leaf Plot. Boxplot and N.P.P. 
stem Leaf # Boxplot 
6 000 3 * 
5 
5 0 1 * 
4 
4 00 2 0 
3 555555555 9 
3 0000000000000000000001223 25 +-----+ 
2 5555555555555555555555669 25 *--+--* 
2 000000000023334 15 
1 55 2 0 
1 0 1 0 
0 
----+----+----+----+----+ 
Multiply stem-Leaf by 10**+1 
Normal Probability Plot 
62.5+ ****** 
* 
+++++ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
+**+++ 
,',. 
I * 
7.5+++++ 
+****** 
********* 
*********+ 
**********+++ 
*** ++++++ 
++++++ 
+----+----+----+----+----+----+----+----+----+----+ 
-2 -1 o +1 +2 
+ 
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lesson should not be run continuously for a duration longer 
than thirty minutes. 
From Question 2 of this section, it was found that only 36 
students out of 83, approximately 43%, could not type. Out 
of the other 57%, more than half claimed that they could 
type at a speed of between 20 and 35 words per minute while 
the rest mostly said that they could only type slowly. This 
showed that the majority of the students would not be 
handicapped because of unfamiliarity with the randomly 
arranged keyboard. Any such unfamiliarity would, of course, 
increase the time taken. 
In Question 3, it was asked "What computer experience do you 
have?". There were 44 students who indicated that they did 
not have any computer experience at all. Among those 
students who claimed that they had previous computer 
experience, three said that they had actual work experience 
on computers in a summer job, five of them had taken the 
computer subject in the secondary school, 2 others had taken 
some commercially run computer short courses, and the rest 
had included the Polytechnic computer curriculum as their 
first computer experience. Therefore, actually about all of 
them, apart from these ten students, can be considered as 
having had no previous computer training before the use of 
this CAL package. 
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Question 4 showed that there were 21 students who had a 
personal computer of their own. However, the types of 
computers they had and the purpose for which they were used 
were not specified. 
Question. 5 asked if they had used any CAL package before. It 
showed that 74 students, about 89%, had not. The remaining 
9 students who claimed that they had used some kind of CAL 
package were found to be : 
- 3 had tried CAL at some exhibition which was mostly 
for demonstration purpose 
- 2 had tried CAL on the word processing tutorials 
package 
- 2 had tried CAL in the BASIC computer language 
tutorial package 
- 1 had tried CAL in chemistry on the topic oxidation 
- 1 had tried CAL in game playing. 
strictly speaking, there were only 5 students who had 
experience on CAL. The other four students only had an 
informal encounter. Due to this reason, the students' 
opinion on the package they used would provide very 
objective and first hand information without bias. section 
C and section D of the questionnaire will reveal their 
points of views on CAL. 
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6.4 Feedback Questions 
There were ten statements and two questions in this section 
concentrated on the feedback of the students on using the 
CAL package. These were : 
1. The procedure of using the package is simple. 
2. The length of this package is about right. 
3. The screens are easy to read. 
4. Interaction between user and computer is adequate. 
5. The content of this package is well presented. 
6. The examples are easy to follow. 
7. Accompanying written lesson notes are helpful. 
8. Use of a package like this in Numerical Analysis is 
appropriate. 
9. If time allows, I would like to have more computer 
packages available. 
10. I would like to borrow a package and use it at home 
or office. 
11. Please describe briefly anything you particularly 
like about this package. 
12. Please describe briefly anything you particularly 
dislike about this package. 
The ten statements were given as point scale choices. A 
six-point scale ranging from 6 to 1 corresponding to 
'strongly agree' to 'strongly disagree' respectively was 
given. The students were asked to choose the entry that 
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they thought was most appropriate to apply to each of the 
statements. The last two were open-answer questions where 
the students could freely write their own comments. 
The statistics, including the arithmetic mean, the standard 
deviation and the skewness, of the ten statements' responses 
are given in Table 6.2. Their ranking according to the 
arithmetic means in descending order together with the 
corresponding coefficients of variation are given in Table 
6.3. The skewness given is the measurement of symmetry of 
the distribution with respect to the vertical axis. The 
sign of this measure of skewness, according to Pearson, 
indicates the direction, whilst the numerical value 
indicates the strength. The coefficient of variation is a 
measure of relative variation which can be used to compare 
the variability in different sets of data. 
Analyzing the data, statement 1 obtained the highest 
arithmetic mean, which was 5.59 on the six-point scale. 
There were 56 students out of 83 who gave the score Point 6 
and 23 students who gave Point 5, a total of over 95% for 
these two points. This means that almost all the students 
agreed that the procedure of using the package was simple. 
statement 2 was "The length of this package is about 
right". It had a mean of 4.90 and ranked sixth amon~ the 
ten statements. Inspecting the frequency distribution, 
there was no student who gave the scale Point 1 (strongly 
disagreed), only 1 student who gave the scale Point 2 and 3 
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Table 6.2 statistical Results in section C 
statement Arithmetic Standard 
Number Mean Deviation Skewness 
1 5.59 0.72 -2.47 
2 4.90 0.84 -0.72 
3 5.18 1.06 -1.19 
4 4.59 1.07 -1.06 
5 5.00 0.80 -0.51 
6 5.33 0.80 -1.25 
7 5.13 0.88 -0.59 
8 4.63 1.04 -0.58 
9 4.73 1.13 -0.61 
10 4.33 1. 34 -0.56 
Table 6.3 Ranking By Arithmetic Mean 
statement Arithmetic Coefficient 
Rank Number Mean Of Variation 
1 1 5.59 12.81 
2 6 5.33 14.98 
3 3 5.18 20.48 
4 7 5.13 17.15 
5 5 5.00 15.93 
6 2 4.90 17.04 
7 9 4.73 23.80 
8 8 4.63 22.57 
9 4 4.59 23.33 
10 10 4.33 31.08 
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students who gave the scale Point 3. Examining the two open 
answer questions in this respect, there were not too many 
remarks on the length of the package. There were only 2 
students who commented that the package was too long, but 
there were also 3 students who commented that it was too 
short. As will be understood, there is no general 
measurement, both to educationalists and the students on the 
absolute precise length of a package. It depends on the 
pace and the interest of the user. Only a majority measure 
can be sought. The standard deviation and the coefficient 
of variation were found to be 0.84 and 17.04 respectively 
and the statement ranked sixth, which showed that the 
deviation from the central tendency lay in the smaller range 
compared with the others which implies that the length of 
package was very reasonable. 
statements 3 to 6 concerned the presentation of the 
package. statement 3, which claimed that "The screens were 
easy to read", had a mean value of 5.18 and ranked third. 
This showed that students were very satisfied with the 
screen setting. In statement 4, a relatively low mean in 
the "Interaction between user and computer was adequate" was 
observed. The mean was only 4.59 but the mode and the 
median were both in the scale Point 5. The relatively large 
standard deviation suggested there might be some extreme 
values appearing in the data. By looking in detail at the 
distribution of the responses, the frequency table had shown 
that there was one entry given the scale Point 1 and four 
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entries in the scal~.Point 2, which were 6% of the total 
population. Extreme values certainly affected the 
arithmetic mean. Although most people feel that interaction 
is very important in a CAL package, there are other people 
who find that this interrupts the development of ideas. The 
extent of interaction between user and computer is 
subjective. On further inspecting the coefficient of 
variation, it was noticed that it had fallen in the highest 
score category compared with the others. This might suggest 
that the standard of interaction was rather diversified 
among the students. 
In statements 5 and 6, "The content of this package was well 
presented" had a mean value of 5, and "The examples were 
easy to follow" gained the mean score of 5.33, which was the 
second highest of all. These indicated that the students 
were very content with the examples and the layout of the 
package. 
statements 7 to 10 concerned with the application of the CAL 
package. In statement 7, most students thought that 
"Accompanying written lesson notes are helpful". Although 
the mean value for this question was 5.13 and ranked fourth, 
this was the only question that had no response less than 
the scale Point 3. CAL is neither a copy of the available 
text book, nor intended to replace the normal printed 
teaching material. They should be the complement of one 
another. More detail on the new development concept of 
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"computer Enhanced Learning" (CEL) , as introduced by Bajpai 
[50], will be discussed in the next chapter. 
The responses on "Use of a package like this in Numerical 
Analysis is appropriate" had a mean value of 4.63,.which was 
the third lowest score. The fact that students did not give 
a more positive score on the suitability of using a package 
in Numerical Analysis may be due to the slowness of the 
APPLE computer. It is believed that if a faster machine had 
been used, the score would have been higher. 
students quite agreed that, in statement 9, "If time 
allowed, they would like to have more computer packages 
available". In fact, they showed interest and enthusiasm in 
using it. However, the last statement "I would like to 
borrow a package and use it at home or office" had the 
lowest mean score. This question also had the highest 
-standard deviation and coefficient of variation. This might 
be due to the fact that not many of them had a personal 
computer and they were consequently aware that it would not 
be much help even if they could borrow a package and use it 
at home. 
There were two open-answer questions in this section. As it 
is difficult to analyze open answer questions, a summary of 
the students' comments will be given. Question 11 asked the 
students to describe briefly anything they particularly 
liked about the CAL package. Most students commented on the 
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good design and clear presentation of the package. As one 
student wrote : 
"The materials presented are well organized and 
very easy to understand." 
Another student said 
"I think that the content is easy to follow. 
Examples are enough. It is good because 
examples can help me in understanding the 
content." 
The next common remarks given by students were about the 
interactive parts of the package. As one of the students, 
Cheung, wrote: 
"I particularly like the interaction between 
users and computer. It is adequate and I can go 
through it according to my capacity and speed of 
progress." 
Yau also wrote that 
"I like the topic about rounding and truncation 
error because I can input some data to check the 
error." 
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There were· a few students who commented on the friendliness 
of the package. Some were even impressed by the sound 
effects that were produced. One student, Ng, wrote that 
"It seems like talking with the person who wrote 
the package directly." 
Speaking overall, students accepted this new learning 
approach and they enjoyed using the package. But in 
Question 12, which looked at the other side of the feedback, 
and asked the students to describe anything they 
particularly disliked about this package, the comments were 
comparatively more diversified than those of the previous 
question. There were quite a number of students who simply 
put down "Nothing" and about one fifth of the students 
mentioned the slowness of the computer. Other comments 
given by the students were : 
- too much detail 
should be more detailed in content 
- not enough graphs and sound effects 
- not challenging 
- cannot ask questions 
screen too small 
cannot be used in other computers 
- too long 
- too short 
- 125 -
Some of these points might be found to be contradictory to 
each other. This may reflect the different points of view 
of students. There were comments not directly related to 
the package itself but to the computer architecture, such as 
that the screen was too small and the package cannot be used 
in other machines. As a matter of fact, one of the road 
blocks of development of CAL packages is the non-portability 
and incompatibility between computer systems. Software 
developed in one machine cannot be used in another. Due to 
the rapid change in electronic technology, many potential 
teachers fear that by the time a CAL package is developed 
and well tested in a computer system, that computer system 
may be obsolete with the result that the package is 
completely useless and has to be written all over again. 
This undoubtedly would discourage a large number of 
prospective developers. 
6.5 Open Answer Question 
There was only one question in section D. It asked students 
to make comments, in general, on computer aided learning. 
They might include the advantages, disadvantages, and/or 
suitability in the Hong Kong environment. since CAL is a 
rather new teaching method in Hong Kong, it is expected that 
not too many students had experience of CAL. In fact, from 
the results of the previous section in this evaluation, 
there was only one student who said that he had used CAL in 
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the school curriculum before. Therefore, their objective 
and neutral opinions on the first encounter of CAL in 
academic subjects would give much food for thought. 
In their comments, students were able to identify many of 
the advantages of using CAL in teaching and learning. Some 
saw that other than being used in traditional teaching, CAL 
allowed various other modes of presentation to the 
handicapped, for example, audio for the blind, visual for 
the deaf, and special control features for other 
disabilities. If CAL was used in simulating other physical 
or social systems, it would allow users to raise 
hypothetical questions and to observe variations of 
conditions. As to the disadvantages of CAL, some students 
brought out the point that high level conceptual theories 
taught without the aid of a teacher were questionable. One 
student wrote": 
"Replacing the human teacher by machine may 
cause psychological harm." 
In fact, perhaps it is the most significant objection to 
computer assisted learning that very little is known about 
the long term effects on students learning from a computer. 
Although impressive results with reading and spelling scores 
have been demonstrated in short term studies, there are 
still many unanswered questions about performance and 
learning over a long period of time • 
•... 
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concerning the suitability in the Hong Kong environment of 
using CAL, most students agreed that CAL, although still 
unpopular, should be used particularly in Hong Kong higher 
education sectors. As Cheung put it : 
"This is a great feature which cannot be 
accomplished in traditional lecture method." 
And Yuen also said that : 
"Traditional teaching method in Hong Kong is so 
called 'feeding duck' which is inefficient and 
stifles innovation to many students. CAL is much 
more active and interesting. It helps to reduce 
the student's pressure on studies." 
However, there were students who had reservations on CAL in 
some of the subjects. Lee commented 
"The students in Hong Kong are mainly Chinese, 
but the language used in computers is English." 
Although Chinese characters can now be displayed in many 
computers, it is, due to the complicated structure of the 
Chinese characters, still in the word processing stage and 
cannot be used in data processing applications. 
Some students were worried about the feasibility of 
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introducing CAL in secondary schools because this may imply 
a new allocation of resources in terms of manpower, 
equipment, accommodation and timetabling, etc. The most 
difficult problem which besets any research into computers 
in education is finance. Under present conditions, the 
acquisition of a new skill too often imposes an unduly heavy 
pressure of work on conscientious teachers. In addition, 
there is not enough space for schools to house computers in 
their already fully utilized classrooms. But from the 
pedagogical point of view, education should not be measured 
merely by the cost. Other educational values, such as 
effectiveness on learning and psychological effects should 
also be considered. 
6.6 Summary 
Microcomputers have already found their way into homes and 
commercial firms, as well as into schools. Their numbers 
are multiplying exponentially. computing in most Hong Kong 
secondary schools is still restricted to being a subject on 
its own. In order to make full utilization of the resources 
in schools to enhance teaching effectively, computer 
assisted learning activities across various disciplines, 
particularly in mathematical subjects, should be sought. In 
Britain, CAL has been brought into classrooms for many 
years. The roles of computers in the classrooms have 
changed the learning activities and experience among 
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students and teachers. The author, having given a CAL 
package to a group of 83 year 1 students in the Hong Kong 
polytechnic, tried to evaluate and provide information on 
the effect, effectiveness and successfulness of using the 
learning package. Guidelines were set to measure some 
possible variables. They included the identification of the 
students' weaknesses and the need to provide remedial 
tuition, and the extent to which each student achieved the 
objectives using the material. Also, the provision of 
records of the student~background and using the learning 
material, and the appropriateness of the learning package 
were to be measured. A questionnaire, which was divided 
into four sections, was given to students to evaluate the 
variables on these aspects after they had used the CAL 
package. 
, 
section A of the Questionnaire consisted of five questions 
which were concerned with the content material of the 
lesson. The first two were straight factual concepts. The 
third and fourth were questions on the participation of the 
two examples. The last question involved the understanding 
of the material and the use of the learned knowledge to 
factorize a polynomial. These questions were not meant to 
be post-test problems, rather, they were only treated as 
students' self-assessment and an indication of the learning 
progression. Educationalists always emphasize that a 
three-hour examination or an one-hour test should not be 
used as the only indicator of students' ability on that 
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subject, other variables such as students' interest, 
potential and enthusiasm should also be considered. The 
result of this section showed that the students were doing 
extraordinarily well. They demonstrated their competence 
over the content material on using CAL. Some of them showed 
more than just the comprehensive knowledge of the topic and 
explored further findings by themselves. 
section B consisted of five questions which asked the 
students' particulars related to the use of this package· 
It was found that the mean time for the 83 students to 
finish the package was less than 29 minutes and the 
statistical analysis showed that more than half of the 
students finished the lesson in less than the mean time. 
The author believes that this run time for a CAL lesson is 
most suitable to learners because it has been suggested that 
the human psychomotor system would become saturated in 
performance quality if a continuous training session is over 
30 minutes and that interest and motivation will not be 
maintained if saturation is reached. 
The time that the students needed to finish the lesson 
should not be affected by the unfamiliarity of arrangement 
of the keyboard because more than half of the students 
claimed that they could type. It was also found that most 
of the students had not used a computer before and only 29 
of them said that they had a personal computer. All of the 
students, except one, had not used CAL in the school 
- 131 -
curriculum and this was their first time using such a CAL 
package in an academic subject. 
Their feedbacks on the software package were obtained in 
section C of the questionnaire. Ten six-point scale 
statements and two open-answer questions were given. 
Speaking overall, students showed a very positive attitude 
to the CAL package in that the highest mean score was 5.59 
and the lowest mean score was 4.33 where scale Point 6 
corresponded to strongly agree and Point 1 to strongly 
disagree. The ten statements could be classified into three 
categories, they were the usage, the presentation and the 
application of the package. Students agreed that the 
procedure of using the package was simple but they showed 
some deviation in opinion on the length of the package. Two 
students commented, in the later questions, that it was too 
long and three commented too short. The students generally 
agreed that the screen was easy to read, the content was 
well presented and the examples were easy to follow. 
However, it seemed that they would like more interaction 
with the computer. Most students thought that accompanying 
written lesson notes were very helpful. The fact that 
responses on "Use of a package like this in Numerical 
Analysis is appropriate" produced a relatively low score,may 
be due to the slowness of the APPLE computer. It is 
believed that if a faster machine had been used, the score 
would have been higher. Students showed that they would 
like to have more computer packages available but their 
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opinions on borrowing a package to use at home were very 
diverse. The reason for this might be due to not too many 
of them having a personal computer and they were aware that 
borrowing a package would not be much help. 
The two open-answer questions in this section allowed the 
students to express what they liked and disliked about the 
package. Most students felt that CAL could help them to 
understand the subject and arouse their interest, and they 
enjoyed using it. other comments were concerned more or 
less with the architecture of the computer, such as, screen 
too small, the package could not be used on another 
computer, etc., which aspects were not in the control of the 
author. 
The last part of the questionnaire was to ask students to 
make comments, in general, on computer assisted learning. 
They saw the advantages of using CAL, such as; permit 
students to learn at their own pace, interactive, can be 
used in teaching special subjects, etc., however, they were 
also worried about the psychological effects that would be 
created in students, and which are still uncertain to 
educationalists. concerning the suitability of applying CAL 
in the Hong Kong environment, they felt that it should be 
promoted, especially in the higher education sectors, 
although they realized difficulties would be introduced in 
reallocation of resources in terms of manpower, equipment 
and timetabling, and the use of Chinese in computers. 
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In conclusion, for CAL material to be acceptable, it is 
essential that it should provide something that other 
learning systems do not. The advocates of CAL usually put 
forward an argument based on the ability of the computer to 
interact, regulate the pace of learners, cope with several 
students simultaneously, assess and evaluate both students 
and lessons, and handle large volumes of information. In 
the context of mathematical subjects, the computer can also 
provide, via a random number generator, a flexibility which 
other systems cannot readily make available. The use of CAL 
was found to be very well received by the year 1 students in 
the Hong Kong Polytechnic. It succeeded in stimulating 
positive attitudes about the subject material and learning. 
Evaluations on students using another CAL package and the 
effect and effectiveness of CAL will be discussed further in 
subsequent chapters. 
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CHAPTER 7 
Computer Assisted Learning 
7.1 Introduction 
The computer was originally seen as a very fast "number 
crunching" monster. The use of computers to manipulate 
alphabetic information came much later, and the idea of 
Computer Assisted Learning (CAL) came much later still. CAL 
is defined as being the use of the computer in the 
teaching/learning process in a variety of ways [52] : -
- to enhance understanding by simulating a process 
or experiment so that concepts and interactions 
are better appreciated 
- to help mastery of practical or technical 
knowledge, sometimes referred to as "drill and 
practice" 
to provide calculation and analysis facilities 
so as to remove the burdensome element of much 
of the tutorial and laboratory work and allow 
greater time for real learning 
- to allow comparative experience to be drawn upon 
by harnessing the data and analysis capability 
" 
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of the computer. 
There are many names other than CAL which are used in the 
field of computer education [53], such as, CAI (Computer 
Assisted Instruction), CBL (Computer Based Learning), CML 
(Computer Managed Learning), to name a few. Although 
their definitions do vary and someone may even differentiate 
between them in minute detail, they all involve similar 
ideas. 
CAL had not been given too much attention by publishers, 
computer software houses and computer manufacturers as late 
as the beginning of the 1970s. There were criticisms that 
contended that CAL amounted to little more than using the 
computers as an "electronic page turner". Some 
drill-and-practice CAL was described, even worse, as 
"electronic flash cards". These pejorative remarks carried 
all the more impact in view of the extreme cost of early 
computers, both in hardware and software. To emphasize that 
computers were costly, one was reminded that they were used 
to run one program at a time until time sharing, multi-user 
and multi-tasking concepts were introduced. However, 
another major element needed to make CAL less expensive, if 
not economical, was the software to manage the computer and 
to make it run the user's programs. The early stages of 
computer language, such as assembler, was too laborious. 
The later promise of CAL prompted some manufacturers to 
create specialized languages for CAL authors, such as 
- 136 -
TUTOR, NATAL and PILOT. Although the early authoring 
languages were extremely primitive, they were still much 
preferred because they saved a great deal of programming 
time and were more mnemonic. Recently, there is even an 
authoring system available which is manually driven and 
guides the CAL,authors through the programming process and 
virtually eliminates the need to know how to program the 
computer or to know a computer language of any kind. The 
automation of the CAL authoring process enables developers 
to focus their activities on instructional logic and the 
writing of lessons rather than on computer programming. 
There are several large computer manufacturers, 
organizations and institutes who deserve much credit for the 
development of CAL. Two of the milestones, the PLATO and 
the MIME projects, are going to be discussed in the 
following sections. 
7.2 The PLATO Project 
The PLATO (Programmed Logic for Automatic Teaching 
Operation) system was the largest and perhaps the most 
sophisticated computer based system designed for education. 
This project was funded by the National Science Foundation 
(NSF) of America and sited in the Computer-based Education 
Research Laboratory (CERL) at the University of Illinois, 
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Urbana, Illinois. control Data Corporation (CDC) also 
deserved much credit in keeping alive the largest CAL 
network ever developed. The aims of the PLATO project 
included the following [54J : -
- To develop curricular material for the new 
medium. 
- To develop acceptance by instructor-users and 
students of a new medium designed for 
increasing the effectiveness and productivity 
of the instructional process. 
In the PLATO project, there were a variety of instructional 
applications developed at the college level, which included 
engineering, physical science, mathematics, foreign 
languages and nursing. Several of the computer programs 
were used in. college credit courses. 
An original contemplation of this project was a complete 
networking PLATO system that each would be able to support 
as many as 4,000 individual teaching stations connected to 
universities and schools both nationally and internationally 
by telephone lines. Under such a network, it would be 
possible for a school district to purchase or lease only the 
, 
number of terminals that it wished to use, hence the expense 
of installing costly computers and hiring technical 
personnel in individual sectors would be eliminated. 
Moreover, duplicated and non-unified CAL software packages 
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could be avoided. 
During its existence, the PLATO I system evolved from a 
single terminal in 1960 to the PLATO IV system with about 
950 terminals in 1977 located at about 140 sites. Each 
student station interacted with a PLATO program by means of 
the plasma display panel with an attached keyboard or an 
Information System Terminal (IST). The major advantage of 
the plasma panel was that it had inherent memory so that it 
did not need refreshing and was flicker free. The plasma 
panel also enabled information from the PLATO program to be 
either static images from prepared slides, alphanumeric or 
figures drawn by the computer, or animated motion graphics, 
or a combination of these. Other devices, such as film 
projectors, audio and music thesauruses, might be added. 
The addition of a touch-sensitive panel enabled the students 
to communicate with the program by touching the screen. 
Such a capability was particularly useful if the students 
were asked to rearrange items that appeared in the display 
and for those who found typing difficult, such as small 
children. 
The PLATO CAL programs could be written in any other 
available computer language or by the TUTOR authoring 
language which made it possible for subject-matter experts 
with no previous computer experience to write their own 
PLATO lessons without the aid of a programmer. Although the 
packages did not aim to impose a pedagogical structure on 
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material, the lessons usually contained minimum material 
that must be learned by all students as well as 
supplementary instructional material for students who might 
find difficulty with a section, and drill and enrichment 
material for those who wished to try more challenging 
exercises or desired additional practice. Each student's 
response sequence, time required and keys that were used 
were recorded by the computer to permit instructors to track 
their students' progress through PLATO course material and 
to be used for later evaluation of the project. 
After running the CAL scheme for some time, an evaluation 
was carried out. The most significant outcome claimed by 
PLATO was the individualization of education. However, 
other results of evaluation of PLATO were less categorical 
in the effectiveness of CAL teaching, as expected. From the 
data gathered in the computer, they "provide no compelling 
statistical evidence that PLATO had either ·'a positive or a 
negative effect on student achievement". From the 
questionnaires distributed to PLATO users, 27% agreed that 
"computers are too impersonal for student instruction" and 
!13% "would not want to have the whole course taught on PLATO 
[55]. Although the teacher's reactions to the TUTOR 
authoring language were mostly unfavorable, 88% of them 
definitely or probably intended to use PLATO again. The 
evaluation gave the conclusive comment that "PLATO students 
showed much more favorable attitudes towards computer and 
computer-assisted instruction than non-PLATO students". The 
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biggest disappointment of this project came from the fact 
that it was not cost effective. There were a number of 
factors which contributed to this. The originally planned 
4000 student users per PLATO system had to drop to 1000 due 
to various reasons, the communication cost for distant users 
was immense, and the steep drop in hardware prices made 
small stand alone systems much more attractive 
propositions. This biggest ever project in CAL was to come 
to a halt for economic reasons. However, this was not the 
end of it. control Data Corporation managed to implement 
PLATO on microcomputers, which could be linked to the 
mainframe master system, and opened four PLATO centres in 
1980 at Bristol, England, which it claimed would provide 
plenty of terminal hours and a good study environment. A 
similar environment was established in NIHE (National 
Institute for Higher Education) in 1982 at Limerick, Ireland 
[56]. 
7.3 The MIME Project 
The MIME (Micros In Mathematics Education) project was 
originally initiated by Professor Bajpai[57], Loughborough 
University of Technology, England, in the early 1980s •. He 
initially realized that microcomputers would become a useful 
tool as an aid to mathematics teaching both at university 
and at school level with their attraction of being 
relatively inexpensive and their ability to give graphic 
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displays. By adding some imagination and programming 
technique, a movement illusion, in effect an "animated 
blackboard", could then be created on the screen. This 
facility could aid describing many of the mathematical 
models and hence improve the teaching of mathematics 
subjects to all discipline students. 
Professor Bajpai discussed his idea of exploiting the use of 
microcomputers in mathematics teaching with his staff in the 
Department of Engineering Mathematics. A study was made on 
what syllabus content should be covered, what sort of 
material should be produced and how it was to be produced. 
An investigation on which microcomputer should be employed 
in the project was also carried out. Based on the fact that 
microcomputers are very good at producing animated pictures 
on the screen, some topics of mechanics, such as 
trajectories of missiles, vibrating systems and collision of 
bodies, would be very suitable for simulating the physical 
phenomena by the microcomputer. Therefore, topics of 
mechanics which appeared in both the "A" level Mathematics 
and Further Mathematics syllabi of the major examination 
boards were on the software development list. The hardware, 
after considering a number of factors [57, P.792-P.793] such 
as prevalence, price/performance ratio and suitability, was 
chosen to be the BBC microcomputer model B. 
The primary objectives in the construction of the MIME 
mechanics units included the following : 
", 
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- To aid understanding of the subject material. 
- To add interest where possible by applying 
practical and relevant examples. 
- To be interactive so that ideas can be 
reinforced and to make learning fun. 
- To be USer friendly so that there is no need to 
resort to detailed documentation. 
- To be 'idiot-proof' such that accidental or 
deliberate errors would not 'crash' the 
software. 
The units of CAL packages currently available in Mechanics 
include : 
- Momentum and Impacts 
- Projectile Motion 
- Linear Motion 
- Friction 
- Equilibrium 
- vectors 
- Relative Motion 
- Newton's Laws of Motion 
- Work, Energy and Power 
- Centres of Gravity 
- Circular Motion 
- Simple Harmonic Motion 
- Angular motion 
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These packages are all menu driven and written in such a way 
as to ensure uniformity in format and style of presenting 
the material, so that once a user got familiarized with the 
layout of one unit he would be able to use the other units 
at ease. Each unit had its individual title shown on the 
appropriate screen display for identification. The main 
menu provided a PART 0 which gave an introduction for 
inexperienced users and a PART F which allowed users to exit 
from the package. The contents in each unit were divided 
into topics which might further be subdivided into parts. 
Users could select appropriate topics by either inputting 
the identified number or the corresponding single letter. A 
further option would be given if the topic was divided into 
sUb-topics or else the subject material would be activated. 
In each unit, a user guide and teacher's notes accompanied 
... , the disks. This printed material provided an 
additional reference source for private study as well as for 
use in the classroom. 
There were some aspects of the units which are worth 
mentioning and could serve as guidelines and rulings for CAL 
developers. All units developed could be run on monochrome, 
as well as colour monitors for full colour support. Sound 
effects were added to create interest and to aid realism and 
animation, but could be turned off at the beginning of the 
unit if they were not desired. This allowed the units to be 
used in situations where sound effects were not appropriate. 
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The standardized split of screen display into partitions in 
all units was used to gain clarity and natural eye 
movement. For instance, the bottom line was always the 
information box so that users could look for messages, say, 
press space bar to continue, in a consistent location. The 
related information or results evaluated by the computer 
were either boxed or shown in a structured format. There 
were certain predefined keys to be used to implement 
commands for interacting with the computer. For example, 
the BREAK key could be pressed at any time to obtain the 
content menu and the ESCAPE key to restart the current 
part. The use of these keys commands were consistent, 
mnemonically related to the purpose of the command and 
minimized the key stroke required so that users were allowed 
to have full control of the computer at ease but were also 
able to concentrate on the content of the material without 
too much distraction. 
In about two years's time, the MIME project was able to 
progress from the scratch idea of using the microcomputer to 
enhance mathematics teaching to publishing a series of 
software packages in Mechanics. The first four units were 
available to the public in January of 1985. pupils and 
teachers in local schools had been able to participate in 
some of the software packages, their reactions to the units 
being encouraging and favourable. 
At present, other than Mechanics, some units in statistics 
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are also completed, the names of the units available being 
- Frequency Data 
- Probability Distribution 
- Bivariate Data 
- Sampling, 
- Inference 
The target students in designing the software packages were 
those who were in the 16 or above age group and were taking 
mathematics and physics sUbjects. Although some material 
might appear to be beyond the level of school students, this 
was deliberate in the hope that it would give the 
opportunity to students to get a little insight into a few 
aspects of the subject beyond their syllabus. 
As far as future development of the project is concerned, it 
is intended to write further series of units'to enhance the 
teaching of mathematics subjects in the sixth-form and at 
first and second year undergraduate levels. Since the BBC 
has marketed a new microcomputer model which gives much 
greater memory capacity, graphic options and runs faster, 
later units will be based on the use of the new model but 
compatibility between the two generations will be 
considered. The availability of the units on other 
computers is under study. The dynamic instruction set 
differs very much between machines and conversion is not as 
straight forward as with a standard high level computer 
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language. Moreover, additional support of input media other 
than the keyboard has been tested successfully in the BBC 
microcomputer. If it is to be implemented, the software 
packages may provide a convenient form of remote control for 
group demonstration or classroom use. 
MIME has gained its recognition in Britain. The units are 
widely used in the nation as well as internationally and we 
are beginning to see many of the benefits ascribed to it. 
The ultimate achievement of this project is still to be 
fulfilled. 
7.4 Reasons for CAL 
The use of computers in educational institutes has a long 
history, but the potential of the computer in education is 
still largely unknown. Many people have tried to define why 
the computer is being used and what the computer is best 
at. What might seem relevant is that it rather depends on 
what one's expectations are. The administrators point of 
view might not be the same as the teacher~; point of view, 
even a mathematics teacher may have a very different idea 
than that of the engineering teacher. However, there is no 
doubt that computers are here to stay, especially as they are 
used as a versatile tool in the teaching and learning 
process of mathematics as a whole. 
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One of the most significant factors;' why CAL is being 
developed so rapidly on microcomputers is that the hardware 
is becoming both inexpensive and compact without loss of 
power or capacity as new production techniques and 
miniaturization are being exploited. Computer technology 
helps teaching. effectively and efficiently as students hear 
about computers constantly on television and in films, they 
are "prepared" for computers and even eager to have contact 
with them. Numerous benefits are to be gained from CAL, for 
students as well as for teachers, making education a more 
successful and meaningful experience for both. There are a 
number of advantages of using microcomputers in education at 
large, listed in Wellington [53, P.27], whilst some important 
applications not well discussed but rather relevant to CAL 
are going to be highlighted. 
CAL provides individualized, self-paced learning. Most 
-. 
learning theorists agree that learning is a very 
individualized process and that the time required differs 
from student to student. Students have quite different 
backgrounds and abilities, and they probably differ in all 
respects from the learning standpoint. These differences 
are not all :.'·,.C known at the present time. Yet, 
surprisingly, most of the media available for mass education 
today allow for very little individualization of education. 
However, having good CAL packages, computers allow 
individualization responsive to student needs. The inputs 
and results of the student using the CAL package are 
- 148 -
immediately analyzed, and appropriate action can be taken 
for each different case. This is not to say that CAL 
programs must have thousands of branches. Indeed, 
experience indicates that in most cases only a few variants 
are needed for a specific situation. But these few can make 
a lot of difference as to how much students will learn. 
CAL can facilitate student learning by interaction and 
immediate feedback from the response. As Piaget suggested, 
schemata are developed as a result of active involvement. 
The more active the mental and physical behaviour is, the 
more effective is the learning process likely to be. A 
highly interactive CAL requires constant response from 
students, the activities may include simply answering a 
"yes" or "no" question, or making same decision, or doing a 
few calculations. Following the response, an immediate 
feedback is given. If the answer is correct, a greeting 
remark can be given and the lesson continues. On the other 
hand, if the answer is incorrect, the material is repeated 
but presented in a slightly different fashion until the 
correct concept is achieved, hence the student is able to 
correct the mistake in the first instance without any 
ensuing period of confusion. 
There are other advantages of CAL particularly applied to 
mathematical education using microcomputers. A group of 
mathematicians has'listed a number of computer talents [58], 
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such as speed of operation, facility to use graphics, 
randomization, etc., which can be exploited by no other 
teaching aid. Some of the ideas are being extended and 
discussed. 
Microcomputers ,can provide colourful, pictorial and dynamic 
visual displays such as charts, graphs and animated 
drawings. Graphics are extremely important in the learning 
process. It has been noticed that typical university level 
science and mathematics text books contain about one diagram 
or picture per page. Graphs and drawings of many types are 
frequently used in classrooms. In CAL packages, dynamics 
and visualizing animation aid understanding in ways that 
could not be easily achieved in practice in the sense that 
motion can be "frozen", analyzed, restarted and traced in 
whatever sequence wanted. The motions can even be able to 
superimpose on one another at any discrete time intervals to 
achieve the sort of effect obtained via high-speed 
photography. In the MIME project, the units in Projectile 
Motion, Momentum and Impact traced the motion of moving 
objects to give a remarkable illustration demonstrating 'a 
theoretical mathematical model of a practical experiment. 
Another feature the microcomputer can provide over other 
teaching aids is the randomization. Due to the fast speed 
of the microprocessor, material presented in CAL need not 
be in a rigid routine, especially in the mathematics 
" 
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subjects where algorithms can be well defined. By making 
use of the random number generator, complete randomness or a 
specified range of values can be obtained, hence producing a 
seemingly endless variation of examples and exercises of 
both a numerical and textual nature. The availability of 
deviation avoids the problems of students quickly learning 
the patterns and answers to the exercises and prevents 
boredom as when using a book. 
There are many other advantages that CAL offers such as 
those given by Doerr [59], for example, as impartiality, 
patience and motivation. These are all good reasons why CAL 
can stimulate the learning process, pinpoint student's 
weaknesses and upgrade student performance. But there are 
other potential advantages of using computers in learning 
that have not yet been envisaged and realized. 
Nevertheless, students are the motif, learning is their main 
objective, anything that can increase the process of 
learning effectively and efficiently, such as CAL, is 
worthwhile. 
7.5 computer Enhanced Learning (CELl 
computer Enhanced Learning (CEL) was first introduced by 
Bajpai [50]. He sees that the roles of microcomputers in 
the classrooms have now changed. Educators have different 
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expectations from the CAL packages. CAL is not being used 
entirely as a manager to replace the teachers as it was in 
the past, but to support teachers in problem-solving 
activities in their lessons and to let students investigate, 
discuss and work on their own with the microcomputers. CAL 
packages are being used as a tool in teaching, just as is a 
calculator or a blackboard, and as a catalyst to speed up 
the learning process. This new trend. in the approaches to 
using CAL can be traced from the recent development of the 
MIME project [60], the emphasis is shifted from presenting 
factual knowledge to assisting students in cognitive 
achievement. The units in statistics are shorter, less 
"gimmicky", and expect self-motivation on the part of the 
user rather than aiming to excite his interest. 
The aims of using microcomputers in the classroom are 
interrelated and have to be considered 1n all dimensions. 
The multilateral use of the microcomputer serves various 
purposes, to assist the teaching/learning process as an 
instrumental tool, to serve as laboratory apparatus, and, at 
the same time, to provide a means for acquiring knowledge. 
It is not the author's intention to attempt to survey the 
diverse activities in this ever widening area or to look 
into the distant future, man's inventive ability being so 
unpredictable. But eEL definitely has shown much potential 
in all teaching and learning disciplines. Evolution rather 
than revolution characterizes development in this field. 
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7.6 Summary 
The great success of microcomputers along with the fast 
growing computer business have been a major fact in the 
widespread acceleration of computer assisted learning. with 
the new technology, microcomputers are capable of providing 
high resolution colour graphics and are able to facilitate 
greater expansion of memory and storage, they may also be 
used as "intelligent terminals" connected to the main 
computer network hence high speed communication and data 
transfer is possible. CAL then becomes an effective method 
of supplementing the teaching process at all levels of 
education. computers are used in elementary, junior and 
high schools as well as in colleges and universities, as a 
teaching aid,in mathematics and in a wide variety of other 
subjects. No doubt as time and technology advance the 
versatility of computer-teaching methods will increase. 
CAL, like books, can be used as a vehicle for the delivery 
of mass education, students who cannot be reached by a 
limited supply of teachers can learn from computers acting 
as a supplementary teacher. Individual help is available to 
a student who might otherwise. be ignored in a classroom. By 
being able to move privately at their own pace, gifted 
students are not bound, slow students are not rushed, hard 
working students are not bored, and shy students are not 
embarrassed. Moreover, the use of computers can lead to 
improved student performance in thinking logically, 
formulating problem solution procedures, and understanding 
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relationships. The computer is impartial, objective and 
patient, thus learning is facilitated. CAL can play the 
vital part in presenting the student with facts he needs in 
an exciting and interesting way, whilst freeing the teacher 
to engage in his proper role of coaching and counselling 
students, and developing his ideas on the facts so 
presented. Most students are found to respond better to the 
stimulus of a machine. 
However, there are controversial arguments in introducing 
CAL. The main issues are the availability of software and 
the implication of a new allocation of resources in terms of 
finance, manpower and equipment. Speaking of software 
packages, they are, like books and all other printed 
matters, not a few men's task or a single term's effort, 
they take time and need support from all sources. The MIME 
project is doing a-good job. There may be controversy as to 
what microcomputer system should be used since there are so 
many different ones available and virtually they are all on 
their own. It is very true that there is the urge for some 
form of standardization and compatibility in the somewhat 
chaotic computer world. And the development of an 
interpreter to translate the current software from one 
machine to another is desired. However, these inconsistent 
varieties should not be seen as a stop sign in the 
production of CAL packages; there is literature, in one way 
or the other, in all languages known in the world. 
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Microelectronic technology has developed at such a rapid 
pace over recent years that new models of microcomputers 
come one after another so that the educational system has 
been caught out by the variety and complexity of the new 
tools at its disposal. Some people are afraid that the 
microcomputer they buy today may become an obsolete piece of 
equipment tomorrow, so they do not want to put their 
resources into the may be short term investment. However, 
the view is that equipment bought today will always perform 
what it can today, tomorrow's equipment will do more, but 
not until it arrives. The advantage of starting CAL now is 
a human benefit in two ways: today's teacher will learn 
about the technology that is changing our world and will be 
in a better position to assess and use the more advanced 
microcomputers when they come, and today's crop of students 
will have some exposure to this aspect of their world rather 
than passing on out of, school without such experience. 
Therefore, resources would never be wasted, they are just a 
reallocation and redistribution to meet the changing needs. 
There is no doubt that CAL aids understanding by simulating 
a process or experiment so that concepts and interactions 
are better appreciated. It also helps to master technical 
or practical knowledge. Moreover, it provides calculation 
and analysis facilities so as to remove the burdensome 
element from much tutorial and laboratory work and allows 
greater time for real learning. There is one argument, that 
says that a child must learn to communicate with others, if 
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the student learns wholly alone rather than as a member of a 
group, due to CAL, psychological harm will be caused. But 
the point is, CAL will never replace the human teacher, it 
only augments the teaching in the same sense as do 
audiovisual aids such as films, tapes and video. Computers 
will be used inc;:reasingly for. higher educational purposes. in 
the way Bajpai terms 'Computer Enhanced Learning' (CEL). 
The teacher, free from the burden of conducting routine 
drill, will spend more time with individual students, 
answering their questions, exploring their interests, and 
inviting them to share his experience. 
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CHAPTER 8 
A Second CAL Package Used By Students of HKP 
8.1 Introduction 
Knowledge is the building up of information and depends on 
the ability to learn from past experience. Memory is very 
important in the learning process. without memory, humans 
would not be able to learn and to know what to do. Memory 
can be categorized as Short-term memory and Long-term memory 
and involves three stages, as generally agreed by 
psychologists. These three learning stages are : encoding, 
which refers to the transformation of sensory information 
into a form that can be processed by the memory system, 
storage, which is the transfer of encoded information into 
memory, and retrieval, which involves locating memorized 
information when needed, are these three learning stages. 
Some theorists.believe that once an item is learned, it is 
entered into the Long-term memory and will always be there. 
Apparently "forgetting" is just a failure of retrieval. 
There are some factors which help to improve memory, 
attention and interest being two of these. Attention is 
influenced by interest, which motivates thinking and which 
in turn helps in memorizing things. The behaviourists 
believe that appropriate stimuli during the learning 
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process, such as interaction and desire response, activate 
thinking, increase interest and hence improve memory. 
Psychologists have obtained statistical evidence that people 
retain knowledge better if they are made to "do" something 
in their learning process. CAL's interaction is certainly 
doing. It is interesting to contrast learning from a manual 
or text book with learning from a computer. Printed 
materials once written tend to stay the same except for 
pages of additions and corrections that scarcely make for 
easy reading. If the text material is replaced by CAL 
lessons there are many advantages, not the least being that 
it is easily updated. It also helps people to learn. In 
fact, it is an increasing trend for computer software 
instructions and operation updates to be self-documenting by 
way of built-in CAL lessons. The flexibility of graphics 
capability in microcomputers marks the advantage of CAL over 
other learning media. According to t~e perceptual 
viewpoint, something that is richly coloured, gorgeous and 
splendiferous can effectively attract the viewer's attention 
and help Long-term memory. But unfortunately not too many 
people recognize that there is a range of abilities and 
skills involved in understanding graphic presentations. 
Visual literacy is a neglected area throughout the whole of 
education. It is often assumed that diagrams and pictures 
are self-evident, but this is not always true. When a 
picture represents reality,as in a photograph, there is 
little trouble. The reader can identify the objects with no 
effort and the text around the photograph reinforces the 
- 158 -
picture. However, if the diagram is to present some 
hypothetical idea, conceptual information or symbolic 
references that need interpretation, it may pose translation 
problems due to differences in culture and experience. 
Designers should not take their audience for granted. For 
example, in most western countries, a sign with a fork and a 
knife implies it is where food is served, but in some 
oriental countries, a sign with a pair of chopsticks and a 
bowl is used. This conveys the variety of problems posed in 
visual literacy and many people seem unaware of the 
difficulties. 
There are four major functions of using pictorial 
presentations [69], attentional, affective, cognitive and 
compensatory. These functions are not exclusive and can be 
interdependent. Attentional illustrations attract or direct 
the reader to the material. This could happ~n during the 
beginning of a CAL package when the student is attracted to 
the material by seeing an animated logo or when students are 
asked to refer to a diagram. Affective illustrations are 
included usually to motivate the students. They enhance 
enjoyment and affect emotions and attitudes. Cognitive 
illustrations improve the text comprehension by providing an 
alternative view of the concepts and additional information 
to the text thereby extending the students' knowledge. 
Compensatory illustrations allow for visual presentation to 
supplement text. This is particularly helpful in those 
academic disciplines where the academic jargon can obstruct 
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the reader. The visual message can be understood more 
easily than the text and can overcome the language barrier. 
In producing visual materials, the sequence and order of 
presentation is as important as the logical sequence of text 
[70]. It is found that most people read diagrams from left 
to right and from top to bottom. It would cause 
understanding difficulties if this sequence of presenting 
information is altered. As suggested in [72], there are 
several considerations in using diagrams and graphics in a 
CAL package if this is to be effective for learning. 
Firstly, the computer screen size affects the amount of 
information that can be presented and determines the style, 
type and size of the illustration. If the text explanation 
is often on one screen and the diagram on another, an extra 
burden would be placed on the learners in having to memorize 
the information to apply to the diagram. So too frequent 
referring back to the previous program is not recommended. 
secondly,~AL designer may always try to condense the 
information and alter the diagram to fit the screen. 
Condensing the information adds a level of difficulty and 
increases the learning task. A flow chart, for example, is 
difficult to fit on the screen unless the process is a 
simple one. Again the unconscious constraint on the 
designer forces him to fit the design to the size rather 
than fit the design to the task. The sequence of 
presentation may be affected. Thirdly, the accuracy and 
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legibility of diagrams on computers may present problems. 
Depending on the quality and fineness of the graphics 
capability, the lines on the screen may be thick and 
clumsy. Curved and diagonal lines may appear as a series of 
steps, and line intersections may not be as accurate as 
desired. It is important to recognize the function and use 
of diagrams in this case. 
The use of colour undoubtedly can motivate CAL users but may 
actually make the display less legible. The factors 
inherent in an electronic image include luminosity and 
non-monochromaticity and it is found that the physical 
adjustments needed by the eyes to focus colours transmitted 
on different wavelengths may make the colours appear to jump 
on the screen. The technical issues are complicated, but 
anything which takes more effort to read will cause 
tiredness and loss of concentration. These factors may be 
subconscious for many people but have been used to explain 
the reason for easy tiredness in computer users. 
The use of computer graphics on CAL packages seems more 
encouraging as the microcomputers become more powerful and 
better in graphics capability. The author has developed a 
second software package, in which the emphasis is on 
diagrams and illustrations, and this has been used by the 
students of the Hong Kong Polytechnic. The details of this 
CAL package~ will now be discussed. 
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8.2 The Aim and content 
The aim of the work was to utilize the graphic capability of 
the microcomputer to develop a CAL software package, to 
arouse the students' interest in mathematics subjects by 
applying visual illustrations, and to obtain feedbacks after 
the students have been using the package. The feedbacks are 
then analyzed. Results and conclusions are then given on 
the use of the microcomputer in learning mathematics 
disciplines. 
As was the case in the previous CAL package, the content 
material had to be decided first. The author, making use of 
his expertise and teaching experience in Numerical Analysis, 
still wished to choose this subject area for the second 
package. Although the recent research areas on Numerical 
Analysis cover a broader field in mathe~atics, it is clear 
that this subject is still as defined by Forsythe [73] in 
1959 that 
"Numerical Analysis is the branch of applied 
mathematics which uses mathematical ideas to devise 
and evaluate numerical techniques for employing 
computers to solve problems, and to study their 
convergence and error." 
But in many elementary Numerical Analysis courses, the 
subject tends to be treated as an exercise in computer 
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programming and assignments on it assess the students' 
programming ability rather than his understanding of the 
techniques involved. The view point of many mathematicians 
is that it is possible to interest students in Numerical 
Analysis through the computer, but not by trying to make 
programming attractive. coventry Polytechnic in England has 
developed a microcomputer-based software for use with 
science and engineering undergraduates [74] the objective of 
which is to attempt to develop micro usage to enable 
students to get some sort of feel for the behaviour of the 
numerical techniques and at the same time to reduce lecture 
contact time. It is a definite help to let the students 
understand the numerical algorithm by seeing the results 
appear right before their eyes. Some students who may make 
little apparent progress in tutorials might make quite 
surprising steps forward when actually sitting in front of a 
terminal. It is of value in teaching the subject if the 
students' active participation is encouraged. 
According to the author's experience in teaching Numerical 
Analysis, there exists an illusion among students in this 
field. The students really do tend to believe that numbers 
are accurately calculated by a computer and that algorithms 
are absolute. They feel that any treatment of errors and 
accuracy in ordinary arithmetic processes is a bit of an 
unnecessary bore. This may be perhaps because they are 
forced, when not using a computer, to work with fairly 
simple numbers to reduce the mechanical labour of arithmetic 
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during closured examples. They do not realize the problems 
that can arise through the repeated application of a simple 
process, and how a small inherent error can be magnified by 
such repetition. Therefore it was decided that a CAL 
package on numerical integration would be developed and that 
emphasis would, be put on the error incurred. 
The contents of the topic were planned to include the 
Trapezoidal Rule and Simpson's Rule in finding the numerical 
integral of a given function over a certain domain. These 
two algorithms apply the same idea of finding the Riemann 
sum of the integrand to approximate the integral, the only 
difference is that the Trapezoidal Rule uses trapeziums 
which imply linear approximation while Simpson's Rule uses 
parabolas which imply quadratic approximation. These topics 
involve a repeated simple process of an arithmetic operation 
and are best illustrated by making use of the computer's 
graphics capability to demonstrate the relationship between 
the number of intervals and the resulting approximation 
error. The lesson was clearly divided into four parts. The 
first part was the introduction, the second part was the 
algorithm for the Trapezoidal Rule, the third part that for 
Simpson's Rule and the fourth part the conclusion. 
In the introduction, the reasons why numerical integration 
is useful were given. The fact is that many indefinite 
integrals cannot be obtained. As an example, the expression 
giving the arc length of the simple well known function, 
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sin x , between 0 and 360 degrees, cannot be solved 
analytically. But with the help of graphs, it is shown that 
the solution can be obtained by finding the area under a 
curve. The distinction between area under the curve and 
numerical integration was explained. The general idea of 
numerical integration was then introduced. 
The second part of the lesson stated the algorithm for the 
Trapezoidal Rule and the estimation of the truncation 
error. A non-trivial function was used as an example. The 
definite integral of the function in the domain between 0 
and 1 was defined. Then the approximations applying the 
Trapezoidal Rule using 1, 2, 4, 8 up to 128 equal spacing 
intervals were tabulated to provide a progressive 
improvement, seen by comparison with the actual value. By 
considering the truncation error of the algorithm, it was 
deduced that the error was proportional to the square of the 
interval used. Therefore the hypothesis "if the interval 
width is decreased by a factor of two, the error will 
decrease by a factor of four" was verified by evaluating the 
ratio of two subsequent errors. The students were then 
asked to try some interval numbers and let the computer 
evaluate the error ratio. It was emphasized that the 
rounding error would begin to dominate the truncation.error 
if the number of intervals used became too large. A summary 
of the algorithm was given at the end of this section. 
The algorithm for Simpson's Rule and the estimation of its 
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truncation error were introduced in the third part of the 
lesson. The same function and domain as described in the 
previous part were used for an example. This would allow 
the student to compare the superiority in terms of 
convergence and truncation error of the two algorithms. 
simpson's Rule.also requires equal spacing and in addition 
an even number of intervals, therefore the approximations 
started with 2 intervals, then 4, 8, 16, 32 and finally 64 
intervals were used. Since in this case the error is 
proportional to the fourth power of the interval used, the 
error should decrease by a factor of sixteen if the interval 
width was decreased by a factor of two. The students could 
easily observe that the result 'of the approximation improved 
very rapidly without the need of using too many intervals. 
By further inviting them to try for themselves, it is very 
obvious that the rounding error begins to dominate over the 
" 
truncation error suggesting that no improvement co~ld be 
achieved beyond a certain point. A summary of Simpson's 
Rule was also given at the end of the section. 
The last part of the lesson was a conclusion giving an 
overview of the two numerical integration algorithms 
introduced and discussing their derivation and differences. 
This content material covered part of the Numerical Analysis 
syllabus for the Year One Mathematics students. Other parts 
of the syllabus were taught using the conventional teaching 
method. A handout, which covered the lesson content in more 
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detail, was prepared to be incorporated with the CAL 
package. A copy of this is included in the Appendix F. 
8.3 The Approach 
An immediate consideration when designing a CAL package is 
the type of microcomputer to be used. Unlike two or three 
years previously when the author's first CAL package was in 
the planning stage, there were at this time so many 
different types of microcomputers available, each of which 
had its own format and was not compatible to another so that 
the personal computer market was in complete chaos. Since 
the IBM (International Business Machinery) Corporation 
introduced its personal computer system and got its foot in 
the market, it gave the lead to the microcomputer industry 
so that many microcomputer manufacturers emphasized absolut'e 
compatibility of their products with the IBM systems. Many 
software houses developed various commercially used software 
packages, such as for word processing and spread sheet, as 
well as powerful compilers and scientific applications that 
encouraged a wide varieties of computer users. Some 
unpopular systems which differed from the IBM types were 
finally ousted by the natural law of supply and demand. From 
the once doom and gloom microcomputer war it is now becoming 
clear that some kind of industrial standard is being 
established. The new microcomputer generation provides for 
at least 256K bytes of random access memory (RAM), 360K 
" 
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bytes double sided double density floppy diskette format and 
a microprocessor clock tick of 4.77M Hertz. In simple 
terms, these standards allow bigger programs, support a 
larger mass storage media and run faster compared with the 
APPLE computer era. The powerful Disk Operating system 
(DOS) that manages the entire system's resources provides 
versatile applications on the computer. Although more 
advanced microcomputer systems have been announced recently, 
they are all claimed to be compatible with the existing ones 
except that they are more powerful, run even much faster and 
have more internal memory. 
In the Hong Kong Polytechnic, the Department of Mathematical 
studies had about ten Commodore computers which are fully 
compatible with IBM personal computers for students' use at 
that time. They all had 640K bytes internal memory, two 
floppy diskette drives and a hard disk. It is natural that 
the author should think of developing the CAL package run on 
these machines. The next thing to consider was whether to 
use a computer language or to use an authoring system to 
develop the lesson. In the case of computer languages, 
there were quite a number of them available, such as 
C-language, FORTRAN, BASIC etc. Even for just BASIC, there 
w'ere several versions that can be chosen from, such as the 
BASICA which is the IBM version BASIC, the GWBASIC which is 
the Commodore version BASIC, the Turbo BASIC which is a 
third party version BASIC, etc. Each language had its 
advantages and disadvantages, some are easier to use, some 
- 168 -
run faster, and some provide a more versatile command set. 
In the case of authoring systems, although they did not have 
as many choices as the computer languages do, there were 
still some options. 
8.3.1 Authoring System 
An authoring system is a computer package which enables 
teachers to create CAL lessons. It requires no programming 
knowledge. An authoring system does not require the user to 
learn a special series of command as, for example, the 
previously mentioned authoring language SuperPILOT does. 
The authoring system simply asks the author to respond to 
prompts and answer questions about the particular lesson or 
course that he or she wishes to create. When the author has 
completed the creation of a lesson it is immediately 
available for review and use without any further processing 
steps. In fact, even as the author creates a lesson, the 
author's view of the lesson is substantially the same as the 
user's will be. Two of the authoring systems used in the 
IBM PC or compatibles systems will now to be discussed. 
8.3.1.1 Domino 
Domino contains a set of programs that enables CAL 
developers who do not have special computer training or 
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knowledge of programming to create software packages in the 
form of electronic books. Each "book" will be made up of 
pages which, as in ordinary books, can be arranged in a 
simple linear chain. Alternatively, through the use of book 
marks, an author can design a book that guides the reader 
through it in a predetermined sequence. The sequence 
followed will depend upon the reader's progress and response 
to questions. The number of pages per book is only limited 
by the disk space of the computer. Several books can be 
stored within the same disk. 
The Domino system is extremely versatile and flexible so 
that it can be put to a variety of applications. The high 
resolution graphic capability together with the full colour 
support allow authors to design material that attract the 
attention and hold the interest of the learner. For 
example, the drawing of.lines, boxes, circles and ellipses 
of any size and any colour can be easily handled in the 
graphics mode. A light pen, bit pad or Mouse can also be 
used with Domino. 
Creating CAL packages using Domino is very simple because it 
is completely menu driven. The authors are guided all the 
way through a system of commands. Each command may have 
various levels of subcommands and switches that detail 
operation of a desired function can be obtained. The 
material in a page can be listed into a printer, copied or 
moved to another page. The text can even be centralized on 
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a page or within a box. It also allows the building and 
maintaining of an index as any book does. It is certainly a 
powerful tool for anyone who is interested in developing CAL 
lessons but does not want to go to the trouble of using a 
general computer language. 
8.3.1.2 MHIAS 
MHIAS stands for McGraw-Hill Interactive Authoring System 
which is an authoring system particularly useful when 
wishing to involve the learner in practice, follow-up and 
problem solving exercise types of work. These learning 
events can be treated as computer based tutorials which 
present information, provide practice and reinforcement, and 
give feedbacks. The learner's performance, number attempted 
and time used are recorded by the manager of the system and 
~ 
can be recalled and presented. Based on the report of the 
response, the teacher may analyze and identify the weak 
points of the learner and hence seek to remedy them. 
The basic elements of a package created by MHIAS are the 
individual screens actually seen by the learners. Each 
screen created by the author can simply present information 
which the user is expected to learn,or can be questions, 
decisions and selections which require the users to react 
and respond. They are linked together in the way specified 
by the author. This screen organization is similar to that 
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of the pages of a book except that rather complex branching 
from screen to screen based on the response of the learner 
is allowed. The use of the screen as a basic unit provides 
both the physical and logical identification and formation 
of the package. Also, the individual screen allows the 
selection of the speed at which the material is displayed to 
the learner - word by word, line by line or a full screen 
ali at once, the format of the lesson display - whole 
screen, vertical or horizontal half screen layout, and the 
number of characters per line - 80 characters for normal 
lettering or 40 characters for larger lettering. The border 
colour for each screen, as well as the foreground and 
background colours can also be selected during the creation 
stage. 
The MHIAS is fully menu driven and made up of four major 
functions - create and Edit Lessons, Verify Lessons, System 
Management and video management. 
The "Create and Edit Lessons" menu function is an option to 
create screen types. Each screen is identified by a unique 
name supplied by the author. The screen name is the label 
which provides an entry point for branching or continuation 
from the previous screen. The screen type can be one of the 
following five choices, presentation, multiple choice, 
matching, fill-in-the-blank, and application/simulation. 
The presentation screen type similar to most authoring 
systeru:is used to present text, graphs and charts of the 
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lesson material. Graphics, such as lines and boxes, are 
very simple to execute using the keyboard function keys. A 
very extensive graphics character set which includes 
mathematical symbols, statistical symbols, Greek letters, 
etc., is also available. The multiple choice screen type 
allows the authpr to set multiple choice questions. The 
number of alternative answers given for the multiple choice 
questions can be specified. The correct answer and the 
control of the branching from each alternative answer can 
also be stated. The true/false questions can be created 
using this screen type by simply giving only two branches. 
The matching screen type is to request learners to give a 
correct sequence of items to be matched. The author can 
similarly give the possible alternative answer combinations 
and branching that complex response ordering can be handled 
with ease. The fill-in-the-blank screen type allows the 
author to leave an appropriate blank for the students to 
answer. The degree of matching o~ correctness can be either 
absolutely or approximately right, as specified by the 
author. The application/simulation screen provides a much 
more flexible evaluation of answers, for example, it can 
contain up to 20 answer blanks and the answers can be 
checked if they are within a given range. 
The second major function "Verify Lesson" allows the author 
to review and edit the complete lesson, to obtain a printed 
copy of the lesson and to check the accuracy of branching 
within the lesson. 
.' 
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The third function "system Management" allows the author to 
con figure the system, format, catalogue and copy lesson 
diskettes and delete lessons and screens from a lesson 
diskette. 
The last function "Video Management" provides a facility to 
use external video media such as a video tape recorder. 
8.3.2 General computer Language 
There are quite a number of general computer languages 
written for the IBM microcomputers. One of the most common 
computer languages is BASIC, which was developed in 1964 at 
Dartmouth College in New Hampshire, U.S.A., as a language 
for teaching programming. BASIC is an acronym for 
Beginner's All-purpose Symbolic Instruction Code. 'Many 
people found that BASIC is very easy to learn and work, its 
programs usually take' less time to write, and it can do 
practically almost anything that other high level languages 
can do. BASIC is available on almost all personal 
computers. Having many updated versions in more than 20 
years since its introduction, BASIC has become a powerful 
language when working with files, text and graphics in small 
computers. 
There are quite a few BASIC versions available. Some of 
them are interpreters and some are compilers. In general 
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terms, an interpreter looks at a computer program one line 
at a time, checks that for syntax error, resolves to machine 
readable codes and does whatever is specified if it is error 
free. If that line needs to be executed many times in a 
loop, it has to do the same procedure all over again because 
there is no way to tell from an interpreter which line has 
been checked. A compiler, in contrast, scans the entire 
program, resolves all the unknowns once and for all, and 
executes the instructions. Therefore, the interpretive 
program runs much slower than the compiled versions but has 
the advantage of giving better diagnostics in case of 
error. The author, in view of the heavy demand in 
computation in Numerical Analysis, is going to investigate 
the feasibility of using a compiled BASIC computer language 
in developing the CAL package. 
Turbo BASIC is a compiled computer language written by 
Borland International, Inc. [75]. It is a self-contained 
programming environment for IBM personal computers and 
compatibles. It is a combination of editor, fast 
memory-to-memory compiler, real-time library, and internal 
linker. Its modern user interface uses windows and pull 
down menus that enable program development and debugging in 
an easy way. Unlike interpretive BASIC which requires a 
line number at the beginning of each statement, Turbo BASIC 
puts line numbers in as an option or can use meaningful 
alphanumeric characters as labels in the program. Best of 
all, the support of accurate and fast floating point 
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arithmetic gives it an advantage for numeric intensive 
applications. Furthermore, the enhanced graphic functions 
and statements make it particularly appealing in developing 
CAL packages. 
8.3.3 The coding 
After detailed investigation of various possible approaches 
in developing a CAL package and the experience gained in the 
previous project, the author decided to do the coding in a 
completely different direction from that of the first 
package in order to exploit the best part of the computer 
system. In view of the fact that numerical integration 
requires very intensive computation, the use of an authoring 
system would not be appropriate and its drawbacks have been 
seen in the first CAL evaluation results. Additionally, the 
author has adequate programming background to cope with the 
logic of the general computer language so that technical 
problems should not occur. Therefore, it was decided to 
write the package in general purpose computer language. 
Turbo BASIC was chosen because it has a comprehensive 
graphic command set and is a compiled language which runs 
noticeably faster. Another change from the first package is 
that this package is no longer divided into several small 
programs. One reason for this is that computer memory is no 
longer. the constraint for large programs, one complete 
program would minimize the overall program length due to 
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no overheads in passing parameters from one program to the 
next being needed. Another reason is that it will eliminate 
the unnecessary access to the diskette hence improve the 
total run time. However, in the coding stage, the CAL 
lesson was broken up into four individual program segments 
according to the content as described previously and was 
then combined into one program after they were all 
finished. The major advantages are that they would be 
easier to expand and to make changes if needed and they 
could be tested individually in the development stage hence 
saving debugging time. 
The general screen layout of the lesson was planned in the 
waTthat the top of the screen was used as an identification 
.line which showed the part the user was currently at. The 
bottom line would be the message line to instruct the user 
to response prompt or to interact with the computer. Text 
material would be shown on the upper half of the screen 
while graphs and tables would normally be given in the lower 
half of the screen. All illustrations would be given from 
left to right and top to bottom as this is the natural eye 
movement in reading for.most people. A similar screen 
layout format would eliminate the users having to hunt 
around for information and let them use the package at ease 
and concentrate on the content. 
The first part of the lesson is the introduction. Two 
windows are created to plot the function f(xl = sin x and 
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the equation of the arc length from 0 to 360 degrees to 
elaborate the insolvability of the problem using an 
analytical approach. An alternative method of using a 
Riemann sum to approximate the definite integral is 
suggested. Another set of graphs demonstrating the 
difference between numerical integration and the area under 
a curve is plotted on the screen so that learners can have a 
physical interpretation of why the sign of the function 
should be reversed in one of the cases. 
The second part of the lesson introduces the Trapezoidal 
Rule to approximate the definite integral. The function 
f(x) = x exp(-x), which is not that trivial but possesses 
analytical solution for later comparison, is given as an 
example and plotted. Since this function is used through 
out the lesson, it is defined right at the beginning of the 
program. The value of the function can be obtained by 
supplying the parameter in a functional call anywhere in the 
program. A table, used in conjunction with the graph, gives 
the approximate areas under the function using various 
numbers of trapeziums. This enables the learner to observe 
the step by step improvement of the values in successive 
approximations. The error ratio is further tabulated to 
elaborate the truncation error estimation. At this time, 
the learners are invited to input the number of trapeziums 
and verify the error ratio. The input number will be passed 
to a subroutine to check for validity before it is used in 
the evaluation. Also, a maximum number of tries is set to 
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prevent students having too many'goest A conclusion is 
given in the instructional type format at the end of this 
session. 
The third part of the lesson gives the idea of the algorithm 
for simpson's Rule. The same function and similar screen 
layout are used so that the user can easily compare the 
results with those obtained using Trapezoidal Rule. The 
users are again invited to try some values for themselves. 
A summary is given at the end of this session. 
The last part of the program is the conclusion of this 
lesson. A comparison of the two algorithms is given. since 
the material is mainly in text form, no special graphics 
effect is needed. 
The program was coded in structural form, as far as 
possible, for easy updating and debugging. six subroutines 
were used to handle regularly used procedures and were put 
at the end of the programs. These subroutines included the 
checking of input validity, the evaluating of values in the 
two algorithms, etc. since Turbo BASIC allows alphanumeric 
characters as statement labels, all subroutines were given 
meaningful names, such as INPUTCHECK and PRESSBAR for check 
input validity and press bar to continue, respectively, for 
easy identification. Also, turbo BASIC does not require 
statement numbers, so these were not used in order to 
- 179 -
eliminate confusion. A complete program listing is included 
in the Appendix F. 
8.4 The Use 
The CAL package was planned to be used by the first year 
Higher Diploma students and students in the Degree course in 
Combined studies in Mathematics and Science. But before it 
was actually used, the software had been tested by some 
students. Some staff also had contributed valuable 
suggestions. Their general reaction was favourable and they 
felt that the lesson was interesting, easy to understand and 
not difficult to use. with the help of previous experience 
in developing a CAL package, the total time needed from 
designing the lesson to the completion stage was less than 
that for the first one. 
In the testing stage, it was noticed that the program ran 
quite fast although extensive graphics had been used. A 
"DELAY" function had to be put in some parts of the program 
to slow down the graphic movements in order to demonstrate 
the effect of progression. In the Commodore microcomputer, 
it is also possible to add a coprocessor in the hardware to 
handle all floating point arithmetic in order to speed up 
the calculation. It is claimed that this can be as much as 
ten times faster. Since this package involves a lot of 
computations, it was given a trial run in this type of 
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computer; as was expected, everything came out in a flash on 
the screen, and the "DELAY" function did not have any effect 
at all. Therefore, it was decided that the coprocessor 
would not be used in the running of the package. 
Concerning the. actual use of the CAL package, stUdents were 
given a total of four weeks' time to study the lesson. 
since the package was designed to be user friendly and 
extremely easy to use, and as also there were sufficient 
microcomputers for their use, the time given to them was 
more than adequate and they all finished the study on time. 
The procedure for the Higher Diploma students to use the 
package was to borrow the disk from the Mathematics 
Laboratory, put the disk in the diskette drive and switch on 
the computer. The lesson would then be loaded and start all 
by itself. When they were finished, they were required to 
complete a questionnaire, switch off the machine and return 
the disk. In the case of the Degree Course students, since 
they were part-time evening students, they were allowed 
either to study the lesson in the Mathematics Laboratory as 
were the day-time stUdents or to borrow a disk at home to 
use if they had a microcomputer. 
A sample screen layout of the lesson is given in the 
Appendix F. The results of the questionnaires will be 
analyzed and discussed in the next chapter. 
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CHAPTER 9 
Feedback From The Second CAL Lesson 
9.1 The Question Paper and the Evaluation 
The process by which a student learns is extremely 
complicated. Whether he is simply learning facts, laws or 
formulae, changing his values or mastering a skill; the way 
in which his brain functions is impossible to describe. 
There are explanations of the learning domains, not in 
biological terms that happen in the brain, but designed to 
break the system down into systematic ways so that the 
learning process can be understood. As suggested by 
educationalists [78], learning can be divided into three 
distinct areas, the cognitive domain, the affective domain 
and the psychomotor domain. The cognitive domain is mainly 
concerned with what the student will be able to "do", not in 
a practical sense but in an academic sense, at the end of 
the lecture or course. The affective domain is concerned 
with the student's feelings and attitudes and what he does 
with the information supplied. The psychomotor domain is 
concerned with the learning of physical skills, the 
manipulation of objects or anything that involves 
"reactions" and neuromuscular coordination. Further, in 
each domain, there are successive levels through which the 
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student must pass. However, no matter which domain is being 
considered, it is found that the learning process takes 
place in a graduated, step-like procedure, each new level of 
ability being dependent for its achievement on the mastery 
of the previous level. 
There is an intimate relationship betw~en learning and 
teaching. The essence of all teaching is communication, not 
only of knowledge, but of ideas, attitudes and standards. 
The contribution of visual information to communication is 
important and is shown by our daily dialogue saying "I 
see". Visual aids have been used for a very long time in 
the classroom and have shown their effectiveness. 
Initially, visual aids were confined to wall sheets, 
reference pictures or posters. It is only in this 
mid-century that technical advancement has brought projected 
pictures, such as slides, and later with sounds, such as 
films and video, into effective use in teaching. Since the 
advent of microelectronic technology, the use of 
microcomputers in presenting pictorial materials opens up 
another possibility. The graphic capability of the computer 
can produce variable and alternative illustrations that 
other teaching aids are incapable of. Anyone who has used a 
conventional printed form to produce results will know that 
the essential features of the results emerge only after a 
few minutes or more of careful scrutiny. A display of a 
table of numbers will not convey the kind of qualitative 
information that is needed in mathematics. By contrast, a 
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computer's graphical display conveys such qualitative 
information very rapidly and in a form which attracts 
attention. When graphic presentations are incorporated in 
the CAL, an even more effective means of communication can 
be created. The student not only can learn the specified 
material, but can also use the computer for himself to 
investigate a problem by varying different parameters. The 
advantages over class demonstration by teachers are that the 
student can work at his own pace and follow any line of 
investigation that occurs to him. As, it is believed, 
knowledge involves the recall of specifics and universals, 
or the recall of methods and processes, or the recall of a 
pattern, structure, or setting. For measurement purposes, 
the recall situation involves little more than to bring to 
mind the appropriate material. CAL undoubtedly helps the 
psychological processes of remembering. 
The author, after letting the students use a CAL package in 
which the emphasis is on graphic illustrations, set out a 
questionnaire to evaluate the variables on some aspects of 
the students using the CAL package. These aspects include 
the extent to which each student achieves the objectives, 
the appropriateness of the instruction style, etc., and were 
based on the guidelines of objective evaluation as discussed 
previously. The evaluation was divided into four sections, 
namely, the Lesson content Questions, Questions On student's 
Particulars, Feedback Questions, and the Open Answer 
Question section. In what follows, the responses and 
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results will be discussed in detail. A copy of the 
questionnaire is included in the Appendix G. 
The questionnaire was clearly labelled into four parts, 
section A to section 0, according to the four sections of 
contents. There were 75 Higher Diploma students and 31 
Degree Course students, making a total of 106 students 
involved in using the CAL package. The students were asked 
to study the lesson first and then complete the 
questionnaire after they had finished. The lesson disk 
could be borrowed from the Department's Technician and used 
in one of the Commodore microcomputers available in the 
Mathematics Laboratory or, in the case of Degree Course 
students, used at home if they wanted to. They were given 
about a month's time to complete the lesson and they all 
finished the study in time. 
9.2 Lesson Content Questions 
section A of the questionnaire consisted of six questions 
which were all concerned with the lesson content. The 
questions were 
1. What is the difference between numerical 
integration and area under a curve? 
2. In the Trapezoidal Rule, what is the relation 
between the error and N, the number of 
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trapeziums used? 
3. In the Trapezoidal Rule, for what N does the 
ratio Error of N / Error of 2N begin to 
diverge? What is that ratio? 
4. In Simpson's Rule, what is the relation between 
the error and N, the number of intervals used? 
5. In Simpson's Rule, for what N does the ratio 
Error of N / Error of 2N begin to diverge? What 
is that ratio? 
6. Why does the ratio not obey the error term for 
large N? 
These questions were not meant to be post-test problems 
although they looked as though they were. They were only 
meant to be treated as a kind of student's self-assessment 
questions which were provided as the confirmation of 
knowledge in the learning process or as the detection of 
which portions of the learning sequence needed additional 
remedial options. The questions also give the opportunity 
to students to get a little insight into a few aspects of 
the subject beyond factual concepts. These questions would 
not be graded in the sense that they would affect the 
student's final examination score of the Numerical Analysis 
I result. The students could find most of the solutions in 
the complementary reading material and they could refer to 
it when they felt this to be necessary. Out of the six 
questions the first question involves the basic concepts of 
numerical integration and area under a curve. In the 
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introduction of the CAL lesson, appropriate graphs had 
demonstrated that numerical integration is the exact analogy 
of the definite integral, hence the sign of the functional 
value has to be preserved, and that the area under a curve 
implies the total portions covered by the function, 
therefore only.the magnitude of the function has to be 
considered. In answering this question, all the students 
were able to differentiate the difference between the two 
concepts. Some were also able to identify that : 
"If the function does not pass through the 
x-axis within the given domain, the absolute 
values of the numerical integration and the 
area under the curve are the same." 
Questions 2 and 3 applied to the Trapezoidal Rule. The 
function f(x) = x exp(-x) in the domain between 0 and 1 was 
given as an example. A table showed, step by step and 
incorporated with the graph, the approximated values of the 
areas when using 2, 4, 8, 16, 32, 64 and 128 trapeziums. It 
can be observed that the approximations got closer and 
closer to the actual value, except the last one, as the 
number of trapeziums used was increased. Then the absolute 
error with reference to the approximations and the actual 
value and the ratios of the Error of N trapeziums with 
respect to the error of 2N trapeziums were computed and 
listed in the table. The error ratios obtained should be 
found to be near 4. The package then invited the students 
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to try some of their own N values. 
Question 2 in the questionnaire asked the students what is 
the relationship between the error and N. In their 
responses, both the Higher Diploma students and the Degree 
students were able to observe the phenomenon that if N, the 
number of trapeziums used" is increased by a factor of 2, 
the error decreased by a factor of 4. Many students even 
used the mathematics terminology and wrote: 
"The error is found to be,inversely 
proportional to the square of N." 
There were a few students who further elaborated the error 
formula of the algorithm. One student gave that : 
"In Trapezoidal Rule, Error = (b - a)h2M/12, 
hence error is proportional to h 2 • 
Therefore, if N increases by 2, then error 
decreases by 4." 
In Question 3, it was asked "For what N does the ratio 
Error of N / Error of 2N begin to diverge? What is that 
ratio?". To answer this question, it required the students 
to try different values of N. Since the exact ratios used 
would not obtain the precise integer 4 due to rounding 
errors (they would be computed as, say, 3.971 or 4.01, 
values around 4) there is no clear cut point of where the 
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value began to diverge and it is subject to personal 
judgement. Therefore, about half of the students noted that: 
"For N = 224, the ratio begins to diverge. 
That ratio is 3.82758." 
And the other half gave that 
"For N = 288, the ratio Error of N with 
respect to Error of 2N begins to diverge. 
That ratio is 3.75." 
The value of N that was given is not important in this 
case, it is the hands-on experience and the exploration of 
the solution by using CAL that matters. The goal of this 
lesson is to let them investigate and verify by themselves 
that in theory the truncation error should keep on improving 
if the interval width is decreased, but in practice, the 
rounding error would eventually begin to take over and no 
further improvement is obtained. This type of 
experimentation and exploration of alternative solutions 
given to students definitely cannot be achieved through 
printed forms of learning media. 
Questions 4 and 5 asked the same questions as Question 2 and 
Question 3 respectively except that the latter questions 
applied to the algorithm for Simpson's Rule. Due to the 
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greater superiority of Simpson's Rule over the Trapezoidal 
Rule, the relationship between the error and N is that if 
N is increased by a factor of 2, the error would decrease 
by a factor of 16. All the students had stated this fact in 
answering Question 4. As one student wrote : 
"The error is directly proportional to h4 , 
i.e., inversely proportional to N4 • As N 
increased by 2, the error decreased by 16. But 
rounding error dominates quickly." 
students were also invited to try some of their own values. 
Question 5 then asked for what N does the ratio of error 
begin to diverge from the value 16. As mentioned above, the 
degree of divergence is subject to personal jUdgement. 
Fortunately, unlike the Trapezoidal Rule, the rate of 
- ,. convergenc~ in Simpson's Rule is so fast that the round1ng 
error dominates very rapidly. A rather clear cut point of 
where divergence commenced was obtained. Hence most 
students gave the response to this question that : 
"For N = 24, the ratio Error of N / Error of 
2N begins to diverge. That ratio is 10." 
However, a few students felt that : 
For N = 8 the ratio which equals 17.16 begins 
to diverge." 
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In the program, there is a subroutine to check the validity 
of all the student's input, which includes range check and 
numeric check. Also a maximum number of trial inputs from a 
student had been set to prevent them from having too many 
tries in the two examples. 
Question 6 was concerned with the basic concept similar to 
Question 1. It asked "Why does the error not obey the error 
term for large N?". All the students had stated the reason 
that 
"Because rounding error begins to dominate the 
truncation error as N increases." 
One student further commented that 
"The error may also be related to the 
significant figures of the computer." 
In fact, the Turbo BASIC uses sixteen significant digits in 
real number manipulation which should provide sufficient 
accuracy in many cases. 
The six questions in this section were all concentrated on 
knowledge of the subject content. Although their 
performance cannot be interpreted in the same way as results 
of a one-hour test or examination, both the Higher Diploma 
and the Degree Course students were doing more than 
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satisfactory. Most educationalists agree that potential 
knowledge of a subject cannot merely be measured by tests 
and examinations, other factors, such as student's interest 
and enthusiasm for the subject have to be considered also. 
9.3 Questions on student's Particulars 
section B of the questionnaire consisted of five questions 
about the student's particulars on using this package. The 
questions were : 
1. How long did you take to finish the package? 
2. Can you type? If you can, how fast? 
3. What computer experience do you have? 
4. Do you have a personal computer? 
5. Have you taken any similar package li~e this one 
before? If so, what package? 
These questions were trying to find out some background of 
the students in the computer related aspects and the time 
taken to use this package. Since there were two disciplines 
of students using this package, the analysis of results will 
be discussed separately for the Higher Diploma students and 
Degree Course students. However, results and comments 
comparing and combining the two groups of students will be 
given in some of the questions. 
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In Question 1, for the Higher Diploma students, it was found 
that the time needed by the 75 students to finish the 
package varied from 10 minutes to 45 .minutes. The mean time 
was 21.47 minutes and the standard deviation was 6.54 
minutes. For the Degree Course students, the time taken by 
the 31 students to finish the package varied from 10 minutes 
to 60 minutes. The mean time was 24.84 minutes and the 
standard deviation was 12.08 minutes. This means that the 
Degree Course students spent a longer average time on the 
lesson and deviated more from their time than did the Higher 
Diploma students. Their modes and medians were the same and 
were found to be 20 minutes. Analyzing the two groups as a 
whole, the mean time was 22.45 and the standard deviation 
was 8.61 minutes. Observation of the Normal Probability 
Plots of the results showed that the times needed for both 
groups of students to finish the package were not exactly 
normally distr"i"buted. Other analysis was used to test the 
normality; the Goodness of Fit Test rejected the null 
hypothesis that the time distribution using the package was 
normal within the 95% confidence interval. Since both 
distributions showed positive skewness which implied 
skewness to the right, it suggested that there were more 
students who finished the package in less than the mean 
times than there were who took longer than the mean times. 
Using the SAS (Statistical Analysis System) package, Table 
9.1 gives the Stem-and-Leaf Plot, the Boxplot and the Normal 
Probability Plot for the Higher Diploma students, Table 9.2 
for the Degree Course students and Table 9.3 for the two 
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groups of students combined. Further analyzing the result, 
it was observed that the coefficients of variation were 
found to be 30.48 for the Higher Diploma students and 48.61 
for the Degree course students. The coefficient of 
variation is a measure of relative variation which can be 
used to compare the variability in two sets of data. Hence 
these figures confirmed that a wider spread of time was 
required in studying the package for the latter group. The 
ultimate reason for the diversification of the two student 
groups was not known, but the results of the part of the 
questionnaire asking for the students' comments and of the 
questions asking about the length of the package (see the 
next section) might provide some explanation. 
From Question 2 of this section, it was found that 45 Higher 
Diploma students out of 75, exactly 60%, could not type, but 
only less than 26% of the Degree Course students, 8 out of 
31, could not type. For those who could type, more than 
half denoted that they could type at a speed of between 20 
and 35 words per minute, but some claimed that they could 
even type more than 50 words per minute. As this package 
does not require any alphabetic inputs and it is the 
author's belief that unnecessary typing by the users should 
be avoided in order to eliminate the frustration of constant 
incorrect inputs for those unfamiliar with the randomly 
arranged keyboard, the knowledge of typing or not should not 
affect the use of the package. 
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Table 9.1 HD Student Stem-and-Leaf Plot, Boxplot and N.P,P. 
Stem Leaf # Boxplot 
44 1 1 0 
42 
40 0 1 0 
38 
36 
34 
32 1 1 
30 0000000000 10 
28 0 1 
26 
24 111111111111 12 +-----+ 
22 1 1 I I 
20 0000000000000000000000001 25 *--+--* 
18 0000 4 I I 
16 11 2 +-----+ 
14 111111111111 12 
12 00 2 
10 000 3 
----+----+----+----+----+ 
Normal Probability Plot 
45+ 
* 
+*+ 
******** 
*++++ 
+++ 
****** 
+++* 
********* 
**++ 
+*+ 
******* 
***+++ 
11+*******+++ 
* 
+++ 
+++ 
+----+----+----+----+----+----+----+----+----+----+ 
-2 -1 0 +1 +2 
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Table 9.2 Degree Stem-and-Leaf Plot. Boxplot and N.P.P. 
stem Leaf # Boxplot 
6 00 2 0 
5 
5 
4 
4 0 1 
3 55 2 
3 0000000 7 +-----+ 
2 
2 00000000000 11 *--+--* 
1 555555 6 +-----+ 
1 00 2 
0 
----+----+----+----+----+ 
Multiply Stem-Leaf by 10**+1 
Normal Probability Plot 
62.5+ ****** 
1 + 
1 ++++ 
1 ++++ 
I· +*++ 
1 +*** 
I ******* 
1 ++++ 
I ********* 
1 ********++ 
1 ****** ++++ 
7.5+ ++++ 
+----+----+----+----+----+----+----+----+----+----+ 
-2 -1 o +1 +2 
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Table 9.3 Overall Stem-and-Leaf Plot. Boxplot and N.P.P. 
stem Leaf 
6 00 
5 
5 
4 5 
4 00 
3 55 
3 000000000000000003 
2 5555555555558 
2 0000000000000000000000000000000000013 
1 555555555555555555778888 
1 0000022 
0 
----+----+----+----+----+ 
Multiply Stem-Leaf by 10**+1 
Normal Probability Plot 
62.5+ 
# 
2 
1 
2 
2 
18 
13 
37 
24 
7 
Boxplot 
* 
0 
0 
+-----+ 
*--+--* 
+-----+ 
**** 
* 
** +++++ 
**++++ 
********* 
+****+ 
********** 
**********+++ 
1**********++++++ 
7.5+ ++++++ 
+----+----+----+----+----+----+----+----+----+----+ 
-2 -1 o +1 +2 
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In Question 3, it was asked "What computer experience do you 
have?". In fact, all of the students should have been 
exposed to at least one formal computer course during the 
term, but it was just to the author's interest to find out 
whether they had any training in computers other than in the 
Hong Kong Polytechnics. As it turned out, there were two 
Higher Diploma students who said that they had taken 
computer subjects in their Secondary School while two Degree 
Course students had actual work experience on computers. 
Question 4 showed that, unexpectedly, there were more than. 
half of the students who said that they had a personal 
computer of their own. In exact figures, there were 45 
Higher Diploma students and 19 Degree Course students and of 
these 60% and 61% respectively had microcomputers. Some had 
specifically indicated that they owned an IBM compatible 
computer. These figures would definitely affect 'the result 
showing the students' willingness to use CAL at home. 
Further results will be discussed in the following section. 
Question 5 asked if they had used any CAL package before. 
It showed that 68 Higher Diploma students, about 91%, had 
not. The remaining 7 students, who claimed that they had .. 
used some kind of CAL packages, all said that the experience 
came from the tutorial programs of commercially available 
software packages, such as DBase Ill, Symphony, etc. This 
agreed with the author's previous assertion that built-in 
CAL lessons for computer software were gradually being 
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adopted. As to the Degree Course students, since they had 
been introduced to the concept of CAL in their first 
computer course, their positive responses on this question 
were more prominent, as expected. 
9.4 Feedback Questions 
There were ten statements and three questions in this 
section concentrating on the feedback of the students on 
using the CAL package. These were : 
1. The procedure for using the package is simple. 
2. The length of this package is about right. 
3. The screens are easy to read. 
4. Interaction between user and computer is adequate • 
. 
5. The content of this package is well presented. 
6. The examples are easy to follow. 
7. Accompanying written lesson notes are helpful. 
8. A CAL package like this in Numerical Analysis is 
appropriate. 
9. If time allows, I would like to have more computer 
packages available. 
10. I would like to borrow a package and use it at home 
or in the office. 
11. Please describe briefly anything you particularly 
like about this package. 
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12. Please describe briefly anything you particularly 
dislike about this package. 
13. If another package were to be used, what topic in 
Numerical Analysis do you think should be used? 
The ten statements were given as point scale choices. A 
six-point scale ranging from 6 to 1 corresponding to 
'strongly agree' to 'strongly disagree' respectively was 
given. The students were asked to choose the entry that 
they thought was most appropriate to apply to each of the 
statements. The last three were open-answer questions where 
the students could freely give their own comments. 
The statistics, including the arithmetic mean, the standard 
deviation and the skewness, of the ten statements' responses 
are given in Table 9.4 for the Higher Diploma students and 
Table 9.6 for the Degree Course students. Their ranking 
according to the arithmetic means in descending order 
together with the corresponding coefficients of variation 
are given in Tables 9.5 and 9.7 respectively for the two 
groups. The skewness given is for the measurement of 
symmetry of the distribution with respect to the vertical 
axis. The sign of this measure of skewness, according to 
Pearson, indicates the direction, whilst the numerical value 
indicates the strength. The standard deviation, or as it is 
sometimes referred to, the root mean square deviation is the 
measurement of deviation of the data from the mean. 
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Table 9.4 HD Student statistical Results in section c 
statement Arithmetic Standard 
Number Mean Deviation Skewness 
1 5.39 0.73 -0.76 
2 4.56 1. 06 -0.30 
3 5.08 1.05 -0.96 
4 4.17 1.14 -0.68 
5 4.68 0.96 -1.09 
6 4.96 0.96 -1.03 
7 4.79* 0.96 -0.67 
8 4.43 1.03 -0.72 
9 4.79* 1.06 -0.76 
10 4.83 1.13 -0.91 
Table 9.5 HD Student Ranking By Arithmetic Mean 
statement Arithmetic Coefficient 
Rank Number Mean Of Variation 
1 1 5.39 13.61 
2 3 5.08 20.66 
3 6 4.96 19.45 
4 10 4.83 23.44 
5 7 4.79* 20.11 
6 9 4.79* 22.07 
7 5 4.68 20.53 
8 2 4.56 23.15 
9 8 4.43 23.24 
10 4 4.17 27.40 
* Same mean 
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Table 9.6 Degree statistical Results in section C 
statement Arithmetic standard 
Number Mean Deviation Skewness 
1 5.58 0.50 -0.34 
2 5.23 0.80 -0.86 
3 5.26 0.73 -0.45 
4 4.23 1. 02 -0.29 
5 4.65 0.84 -0.67 
6 4.84* 0.82 -0.07 
7 4.84* 1.04 -0.81 
8 4.52 0.93 -0.72 
9 4.58 1.12 -1.06 
10 4.97 0.80 -0.37 
Table 9.7 Degree Ranking By Arithmetic Mean 
statement Arithmetic Coefficient 
Rank Number Mean Of variation 
1 1 5.58 8.99 
2 3 5.26 13.86 
3 2 5.23 15.40 
4 10 4.97 16.01 
5 6 4.84* 16.96 
6 7 4.84* 21.41 
7 5 4.65 18.05 
8 9 4.58 24.42 
9 8 4.52 20.51 
10 4 4.23 24.22 
* Same mean 
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Comparing the tables, it is interesting to point out that 
there were some similarities in the results of the two sets 
of questionnaire. In the ten point-scale statements, there 
were seven statements which had exactly the same ranking in 
the two groups of students. The reasons for the three 
unmatched statements are explainable. The overall means for 
the ten statements only differed by 0.1, the Higher Diploma 
students returning a figure of 4.77 while that of the Degree 
Course students was 4.87. The standard deviations were 1.06 
and 0.94 respectively. Detail analysis on individual 
statements will now be discussed. 
statement 1 ranked first among the two student groups. The 
Higher Diploma students returned an arithmetic mean of 5.39 
on the six-point scale. The Degree Course students even 
gave a score of 5.58 -- out of the 31 students, 18 gave the 
scale Point 6 (strongly agree) and the rest gave the scale 
Point 5. This showed that almost all the students agreed 
that the procedure for using the package was very simple. 
In fact, this CAL package made use of the PC DOS (Disk 
Operating System used on IBM personal computers) AUTOEXEC 
BATCH command so that the lesson can either be started all 
by itself after doing the initialization without any 
intervention on the part of the user or be executed directly 
under user control. This type of flexibility is 
recommended because the IBM microcomputers offer a variety 
of hardware configurations so that a package should be able 
to cater for both novice users and sophisticated users. 
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statement 2 was "The length of this package is about 
right". It was one of the unmatched statements in ranking 
and had the most diversified result in the two student 
groups. For the Higher Diploma students it had a mean of 
4.56 and ranked eighth among the ten statements while for 
the Degree Course students it pad a mean score of 5.23 and 
ranked third. Inspecting the frequency distribution, there 
was no student who gave the scale Point 1 (Strongly 
disagree) and only 1 student who gave the scale Point 2 in 
the former group but in the latter student group, almost 84% 
of them shared the scale Points 5 and 6. Examining the open 
answer questions in this respect, there was no student who 
commented on the length of the package being too short or 
too long. There was only one student who saie that the length 
of the package was about right. This result further 
confirms the author's belief that there is no absolute 
measurement on the right length of g package (see Chapter 
6). It is very subjective and depends on the pace and the 
interest of the user. Only a majority measurement can be 
sought. 
statements 3 and 6 concerned the presentation of the 
package. statement 3, which claimed that "The screens are 
easy to read", was generally agreed by the students and 
ranked second in both groups. The mean scores were 5.08 and 
5.26 respectively for Higher Diploma and Degree Course 
students. This showed that the students were very satisfied 
with the screen setting. Good screen format arouses the 
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interest of the students and lets them concentrate on the 
content material. statement 4, "Interaction between user 
and computer is adequate", disappointingly obtained the 
lowest mean scores and ranked tenth and had almost the 
highest Coefficients of Variation. The means were 4.17 for 
the Higher Diploma students and 4.23 for the Degree Course 
students. There were students who commented on this respect 
in the open answer questions showing that, although they had 
full control of the pace of the lesson, they still wished to 
have more "conversation" between themselves and the 
computer. However, the low ranking for this statement did 
not indicate that the package lacked interaction between the 
student and the lesson. The reason for this comparatively 
low mean score may be due to the author's intention not to 
include too much "gimmickry" but to design a package based 
on Computer Enhanced Learning (CEL) objectives, which are to 
support teaching and to expect self-mo~ivation on the part 
of the users rather than to excite their interest. The 
means and medians of the results all lay above Point 4 
denoting that the interaction of the package was generally 
acceptable by the students, but the relatively large 
standard deviation indicated that extreme responses did 
exist. 
In statements 5 and 6, "The content of this package is well 
presented" had a mean value of 4.68, and "The examples are 
easy to follow" gained a mean score of 4.96 for the Higher 
Diploma students and were 4.65 and 4.84 respectively for the 
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Degree Course students. Many students had indicated that 
the content material was very easy to follow and they 
particularly liked.the way it was presented. The Higher 
Diploma students in particular enj oyed the hands-on examples 
which was shown by ranking third according to the mean. As 
a matter of fact, hands-on experimenting provided in the 
lesson allowed students to use the computer for themselves 
to investigate the numerical integration algorithms just as 
in other science subjects where they can perform their own 
practicals. 
statements 7 to 10 were concerned with the application of 
the CAL package. In statement 7, both student groups 
returned the same rank of fifth that "Accompanying written 
lesson notes are helpful". CAL is neither a copy of the 
available text book, nor intended to replace the normal 
printed teaching material. Computers are regarded as add-on 
devices. They are technological tools to improve what has 
already been done with books, films and other media. The 
response on "A CAL package like this in Numerical Analysis 
is appropriate" was ranked ninth and had mean values of 4.43 
and 4.52 in the two student groups. In fact, many students 
made reference to the appropriateness of computer graphic 
illustrations in Numerical Analysis as the suggested topics 
for another package in answering Question 13. Therefore it 
is believed that they did think that Numerical Analysis was 
suitable in CAL and that it was only that their attention 
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had been shifted to other statements that resulted in a low 
ranking. In statement 9, students quite agreed that "If 
time allowed, they would like to have more computer packages 
available." In fact, by observing the students in the 
Mathematics Laboratory, many of them showed interest and 
enthusiasm in using the package. The last statement, "I 
would like to borrow a package and use it at home or in the 
office" ranked fourth. This high ranking certainly revealed 
the students' interest, as well as the availability of home 
computers. In the previous section it had been shown that 
over half of the students indicated that they had a personal 
computer of their own. Due to the drop in price of the 
hardware, it will become increasing common for parents to 
see the computer as just another expense such as a school 
trip, a musical instrument or a game machine, at least the 
cost should soon be much the same. From the software point 
of view, parents will be equally willing to pay for good CAL 
programs if more development goes into the production of 
such learning material. 
There were three open-answer questions in this section. As 
it is difficult to analyze open answer questions, a summary 
of the students' comments will be given. Question 11 asked 
the students to describe briefly anything they particularly 
liked about this package. The majority of the students 
commented on the graphic presentation of the package. As 
one wrote : 
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"The graphic presentation is clear and 
attractive. Together with the text material, 
the content is very easy to understand." 
Another student wrote : 
"The content of this package is clearly 
presented with examples which are easy to 
follow. Moreover, the summary in the package 
gives a clear and overall picture of the whole 
lesson." 
other comments included the hands-on trials, which they 
agreed could give them a better understanding of the 
material, and the screen format layout and the slow step by 
step presentation of the graphs. Speaking overall, students 
accepted the use of CAL and enjoyed using it. 
Question 12, which looked at the other side of the feedback, 
asked them to describe briefly anything they particularly 
disliked about the package. There were quite a number of 
students who simply put down "nothing". There were some 
students who mentioned the key shortfall of this package : 
"It is not easy to go back to the previous 
screen page." 
Since this package was written in general purpose computer 
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language, it needs some special written entry point routines 
to handle the flip-flopping of screens. In order not to 
complicate the package, they were not implemented. From the 
feedback of the students, it turned out that it was somewhat 
desired. Other comments given by the students were : 
graphics slow 
limited tries on the examples 
- no derivation of formulae 
not colourful 
- cannot ask questions 
easy to get tired because of the screen. 
Some of these points, such as limited tries on hands-on 
examples were constraints deliberately added in the 
program. The slowness in graphic display was due to the 
inserted DELAY command in order to show. the progress of each 
step. If the program was set to run at normal speed, it 
would not be easy for users to follow the gradual changes in 
the graphs. Some other comments, as for example, that which 
Fung wrote : 
"The package does not provide any tests to check 
whether we understand the information being 
presented at that moment or not." 
which have been discussed in previous chapters and are not 
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in line with the objectives of this project, will not be 
pursued further. 
Question 13 asked "if another package were to be used, what 
topic in Numerical Analysis do you think it should be on?". 
For the Higher.Diploma students, many of them gave "Finite 
Differences and Interpolation", but most of the Degree 
Course students gave "Roots of Equations" on the ground that 
graphic presentation of the search for a root might give a 
better understanding of the rate of convergence. other 
popular topics included numerical differentiation, 
eigenvalue problems and systems of linear equations. 
However there were also students put down "Any" or "Nil" as 
their responses. 
9.5 Open Answer 'ouestion 
There was only one question in section D. It asked students 
to describe what they thought the advantages and 
disadvantages would be about using a package like this one 
in other subjects of their course. In their comments, many 
students admitted that this was their first experience of 
CAL. However their attitudes toward using the computer as a 
teaching and learning aid were favourable and positive. But 
some of them were a little bit conservative on the use of 
CAL in every subject of the course. As Leung said 
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"I think CAL are only favourable for those 
subjects which involve a lot of computations, 
illustrations and graphics. They may not be an 
advantage for subjects which require a lot of 
description and rigorous proofs." 
Most students were able to identify many of the advantages 
and disadvantages of using CAL in general. Although their 
points of view were in the main confined by their limited 
experience, many of them felt that CAL could only serve as a 
supplementary aid in teaching and could not replace the role 
of a teacher. In fact, it has always been emphasized by 
educationalists that computers are only an add-on device and 
CAL should be seen as a learning tool which is being 
integrated into the institutions, curricula and learning 
philosophies that must be used at the right time, to the 
right amount, and in the right way. 
9.6 Summary 
computers, through their use in a variety of information, 
communication and manufacturing systems, have the potential. 
of being the most powerful intellectual tools that mankind 
has ever invented. The computer has also become the symbol 
for international power and prestige. Many countries have 
put computer literacy as top priority in their education 
policy. The use of computers in the education sector 
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includes all facets. Other than the straight forward 
computer subject on its own, data processing and fast number 
crunching machines, they can be used as a teaching and 
learning aid. There having been many generations of 
microelectronic technology since its introduction, the 
microcomputer is no longer a cheap alternative to a 
mainframe or minicomputer. Microcomputers and other large 
scale computers are essentially the same in architectural 
m.ic.rccO",Pute,... 
concept, but· have the advantages of being small, having 
graphic capacity and being systems all on their own. 
Microcomputers give the hands-on capability that, it is 
believed, cannot be accomplished on a mainframe class of 
computer. The benefit of using microcomputers in the 
learning process is that students may gain familiarity with 
the use of computers while taking part in their exercises. 
It would cast-off their fear of computers and they can learn 
a programming language or use other software if they need 
it. The introduction of CAL has been found successful in 
schools in many countries but is in the infancy stage in 
Hong Kong. The author, having introduced the second CAL 
package to the Higher Diploma students and the Degree Course 
students in the Hong Kong Polytechnic, would like to sum up 
the evaluation results obtained. The evaluation was given 
in the form of a questionnaire which was divided into four 
sections in order to identify different aspects after they 
had used the CAL package. 
section A of the questionnaire consisted of six questions 
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which were concerned with the content material of the 
lesson. The lesson basically introduced two algorithms in 
Numerical Analysis. The first question was a straight 
factual concept. The second and third were questions on the 
Trapezoidal Rule while the fourth and fifth were on 
simpson's Rule. To answer these questions involved the 
participation of students in trying these two rules. The 
last question required the understanding of the hands-on 
experiment to give conclusive reasoning. These questions 
were not meant to be post-test problems because most 
research papers published have shown insignificant outcomes 
of tests on students using or not using a package. The main 
reason for this is because it is believed that an 
examination can only give the score of the students' 
performance at that moment, the students' long term interest 
and enthusiasm for the subject cannot be measured. 
Therefore, these questions were only treated as students' 
self-assessment and an indication of the learning 
progression. Nevertheless, the result of this section 
showed that the students were doing unanimously well. They 
demonstrated their competence over the content material on 
using CAL. 
section B consisted of five questions which asked the 
students' particulars related to the use of this package. 
It was found that the mean time taken for the Higher Diploma 
students to finish the lesson was noticeably less than that 
of the Degree Course students being 21.47 minutes and 24.84 
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minutes, respectively. The overall average was 22.45 
minutes. This run time was considered to be reasonable as 
it is the author's belief that a prolonged lesson would 
reduce the learner's interest and motivation and 
consequently lose his concentration. 
In order to eliminate the frustration of constant incorrect 
input due to unfamiliarity with the keyboard arrangement, no 
alphabetic input was required in the lesson. Therefore 
knowledge of typing or otherwise should not have any effect 
on the study. Although more than half of the students said 
that they had their own personal computer, most of them 
indicated this was their first time using such a CAL package 
in learning any subject, let alone mathematics. 
section C of the questionnaire reflects their feedbacks on 
the use of software packages. Ten six-point scale statementS 
and three open-answer questions were given. Speaking 
overall, the two groups of students showed a very positive 
attitude to the CAL package in that the highest mean score 
was 5.58 and the lowest mean score was only 4.17 where scale 
Point 6 corresponded to strongly agree and Point 1 to 
strongly disagree. The ten statements could be classified 
into three categories, they were the usage, the presentation 
and the application of the package. students agreed that 
the procedure of using the package was simple but they 
showed some deviation in opinion on the length of the 
package. But no student commented on whether it was too 
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long or too short. There was only one student who said that 
the length of the package was right. The students generally 
agreed that the screens were easy to read, the content was 
well presented and the examples were easy to follow. 
However, it seemed that they would like more interaction 
with the computer. Most students thought that accompanying 
written lesson notes was very helpful. The fact that 
responses on "A CAL package like this in Numerical 
Analysis is appropriate" had a relatively low ranking may be 
due to their attention having been shifted to other 
statements. In fact they had emphasized in the open-answer 
questions that graphic illustrations and hands-on experience 
helped their understanding of Numerical Analysis. Students 
further showed that they would like to have more computer 
packages available and they generally favoured borrowing a 
package and using it at home. This can be explained by the 
drop in price of" hardware with the :r:esult that personal 
-
computers are more affordable by, and acceptable to parents. 
The three open-answer questions in this section allowed the 
students to express what they liked and disliked about the 
package and what other topics in Numerical Analysis they 
would like to be in CAL. Most students felt that CAL could 
help them to understand the subject and arouse their 
interest, and they particularly enjoyed the graphic 
illustrations and the hand-on examples. Some of the 
students preferred that the contents of screens could be 
flip-flopped. other comments, such as, graphic slow, 
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limited tries on examples, etc., were deliberately planted 
by the author to control the running of the lesson. The 
students' suggestions on other CAL for Numerical Analysis 
were generally related to the possibility of graphic 
presentation of that topic, such as "Roots of Equations" and 
"Interpolation~1 • 
The last part of the questionnaire was to ask students to 
make comments, in general, on computer assisted learning. 
They saw the advantages of using CAL in most subjects, such 
advantage being in letting students to learn at their own 
pace, interaction, graphic capabilities, etc. However, they 
did feel that subjects which required a lot of wordy 
descriptions and rigorous proofs might not be a best choice 
for CAL. 
In conclusion, the use of CAL in education will have a 
profound impact on both the teacher's and students' role, 
and on the learning situation in general. However, the 
teacher's role will certainly continue to be central to the 
education process. But students' comments and opinions 
help to bridge the generation gaps between themselves and 
teachers. It is only through extensive research and the 
building of prototypes that we can effectively explore this 
media. Just as Bowtell and Haines said at the CTISS 
Conference at the University of Kent in 1986 and to be 
published [79] : 
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"There is certainly a clear case for introducing 
micro into the teaching of undergraduate 
mathematics but there is still a lot of work to 
be done." 
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CHAPTER 10 
summary. Recommendations and Suggestions 
For Further Research 
10.1 Comparison of the Two Evaluations 
The author wishes to give an overall view of the two batches 
of students after they had been using the CAL packages. In 
the first CAL package, there were 83 Year 1 Higher Diploma 
students involved in the evaluation. In the second CAL 
package, there were 75 Year 1 Higher Diploma students and 31 
Year 1 Degree Course students involved in the evaluation. 
The review will be concentrated on the comparison of 
students' achievement on the subject material, their 
background on how the packages were being used and their 
feedback on various aspects. 
section A of both questionnaires was concerned with the 
content material of the lessons. The questions included 
straight factual concepts as well as understanding and 
participation in hands-on examples. The results showed that 
they more than just comprehended the topics in the CAL 
lessons, they had also shown interest and enthusiasm in 
experimenting by themselves. 
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Concerning the time needed to finish the CAL lesson, it was 
found that the mean time for the first package was 28.54 and 
that for the second was 22.45. Although some difference in 
the mean time occurred, it is still difficult to compare the 
lengths of the two lessons. The slowness of the APPLE 
computer might,give some explanation but the times should 
not be affected by whether a student could type or not 
because the author avoided alphabetic input as far as 
possible in the CAL lessons to eliminate frustration of 
incorrect input. The percentage of students who could type 
decreased from 57% to 50%. 
It was found that there was not much difference in computer 
experience between the two batches of students but the 
number of students who had a personal computer showed a 
significant increase. In the first group, there were only 
25% of the students who owned a personal computer while 
there were over 60% in the second group. This increase, as 
discussed previously, was definitely due to the reduction in 
the price of hardware and the acceptance of parents to see 
the computer as one of the home appliances, such as a 
microwave oven or a telephone. 
The percentages of students who had experienced CAL before 
they used one of the two packages was very much the same in 
the two years except that in the second group more students 
had experience of those tutorial lessons included in the 
commercially available software packages, such as DBase III 
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and Symphony. 
In the section concerning the students's feedback on the CAL 
packages, it was found in the ten point-scale statements 
that the overall mean, standard deviation and the range for 
the first CAL package were 4.94, 1.04 and 1.27 respectively, 
while those for the second package were 4.80, 1.03 and 
1.25. This showed that the scores given by the students 
were very homogeneous. The closeness of coefficients of 
variation, which were 21.14 and 21.42, reaffirmed this. 
Amongst the two batches of students, most of them had 
similar views on the two CAL packages. For example, "The 
procedure of using the package is simple" and ".The length of 
this package is about right" had the same ranking of first 
and sixth respectively. The other statements in the two 
questionnaires had similar ranking. The greatest 
disagreement occurred with Statement· 10 which was' "I would 
like to borrow a package and use it at home or in the 
office". It ranked tenth in the first package but fourth in 
the second. This deviation is believed to be closely 
related to the percentage of students having a personal 
computer as described above. Table 10.1 gives their 
comparison by statement and Table 10.2 by ranking. 
10.2 summary 
Microelectronics enable the computer power previously 
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Table 10.1 comparison Results In Section C 
Statement First CAL Second CAL 
Number Arithmetic Mean Arithmetic Mean 
1 5.59 5.44 
2 4.90 4.75 
3 5.18 5.13 
4 4.59 4.19 
5 5.00 4.67 
6 5.33 4.92 
7 5.13 4.80 
8 4.63 4.45 
9 4.73 4.73 
10 4.33 4.87 
Table 10.2 Comparison in Ranking By Arithmetic Mean . 
First CAL Second CAL 
Ranking Statement Number Statement . Number 
1 1 1 
2 6 3 
3 3 6 
4 7 10 
5 5 7 
6 2 2 
7 9 9 
8 8 5 
9 4 8 
10 10 4 
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available only in large and expensive mainframe computers to 
be applied to a wider variety of applications. In 
education, the computer, other than being treated as a study 
subject on its own, a fast number crunching machine and a 
data and word processor, should be seen as a learning tool 
which must be integrated with the institutions, curricula, 
and learning philosophies of teaching. The use of CAL in 
microcomputers can supplement classroom instruction and help 
the student's learning process. The most important reason 
for using CAL is that it is uniquely interactive. No other 
medium, except a human teacher, demands that a student makes 
frequent responses to ensure understanding. By using the 
powerful computer, students can often study important 
contemporary problems without first having to master a great 
deal of specialized knowledge. 
In this research project," the author developed two CAL 
packages in Numerical Analysis. These packages were used by 
the students and run on microcomputers. Then feedback from 
the students and the effect and effectiveness of the use of 
microcomputers in mathematics in the Hong Kong Higher 
Education environment were studied. Measurements are based 
on questionnaires, conversation with students and answering 
questions on content material. Detaildevaluations are given 
in previous Chapters. As a whole, the students enjoyed 
using the packages and they found them motivating and very 
helpful in the learning process. Their performance on 
answering the questions on content material is outstanding. 
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The use of CAL is found to be very well-received by the 
students in the Hong Kong Polytechnic. The survey also 
shows very positive feedback on the attitude to applying CAL 
in learning. The students are particularly impressed by the 
graphic illustration capability of the microcomputer and 
they do feel that it really helps in understanding the 
lesson. But they also point out the difficulties of 
applying CAL in some other subjects, such as those involving 
Chinese character display or requiring wordy description and 
rigorous proofs. Concerning the length of a CAL lesson, the 
range of the time needed for the students to finish was from 
10 minutes to 60 minutes. Although there is no absolute 
standard of how long a student should study a lesson, it is 
the author's belief that in any case the average time for a 
lesson should not be more than thirty minutes or else it 
would lose the user's concentration and interest and hence 
reduce his performance. 
10.3 Recommendations and Suggestions for Further Research 
This research is considered to be a very successful one. 
There are some suggestions and recommendation for further 
research. In this study, the cost effect has not been 
considered. Investment in microelectronic technology is an 
expensive undertaking for an educational system. The 
problem of rapid obsolescence of new technology is 
particularly acute in tertiary institutes. Also, the impact 
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of the change on staff and student time depends on the 
extent to which CAL material is applied. This new 
allocation of resources in terms of manpower, equipment, 
accommodation and timetabling clearly changes the economic 
priorities of central government's short-term and long_term 
planning and could be further investigated. 
In the two evaluations, it had shown that for most of the 
students involved in the use of the CAL packages it was a 
new experience. It is not certain what would their 
reactions be when the novelty wears off. Future research 
could be the optimum use of CAL in teaching. The findings 
of the best mix of CAL and conventional teaching could be a 
fruitful area for further study. 
Another consideration is the long_term psychological 
effect. As traditionally understood," the mathematical 
requirements of a modern society place emphasis more on 
understanding, less on computational skill. The invention 
of calculating machines has lessened the burden on humans of 
pure arithmetic operations. But the study of the long-term 
effects of students learning from a computer is still 
uncertain. Although the computer is no longer to be seen as 
a mysterious construction and it is known that the computer 
cannot solve everything and can prove nothing in general but 
is just a piece of everyday equipment, there is still a need 
for further understanding of the use of CAL in the 
psychological consequence in the learning process. CAL is 
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not designed to regiment teachers, nor to replace them, nor 
to dictate methods, but to support and strengthen their 
teaching. The personal attention, contact and care of 
teachers are very valuable for the students and can, in no 
way, be replaced by the computer. 
Final Remarks 
The findings of the author's research and the areas which are 
important for future research are listed below: 
(i) Hong Kong Polytechnic students found that CAL motivates 
and enhances their understanding of the subject material. 
Software packages for use in other subject areas were 
also suggested. 
(ii) The use of CAL/CEL is recommended in Hong Kong education 
sector. It helps to reduce the student's pressure on 
studies in the present so-called "feeding duck" education 
system. 
(iii) The interactive, randomized. and graphic capabilities of 
microcomputers increases the process of learning. 
(iv) The length of a CAL lesson should not run for more than 
thirty minutes for an average student, otherwise the user's 
concentration and performance is impeded. 
(v) The CAL/CEL ideas developed in this thesis need to be 
disseminated amongst teachers in Hong Kong. 
(vi) The promotion of CAL for subjects requiring the use of 
Chinese characters may encounter some difficulties. 
(vii) The optimal mix of CAL/eEL with other teaching methods 
needs to be further investigated. 
(viii) The problem of hardware which directly affects the use of 
software packages still exists and the best allocation 
of resource requires in-depth evaluation. 
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APPENDIX A 
" 
· 
TI~!."Tr.sLE FOP. use OF" COl~~lrE:n ROO:'" 
"rho::! Co:nputC'r F.com ,dll be open as follows on normal school days, 
Mon., 'l'uc., Fri. 
Thur. 
Sat. 
3.40 - 5.00 p.m. 
3.40 - 4.30 p.m. 
9.00 - 10.30 a.m. C*) 
10.30 - 12.00 a.m. C*) 
2.00 - 3.30 p.m. 
(*) These s~ssion& arc for Computer studies clas. 
students only 
RU!.ES FOR USE 01' COHP1lTER R001'! 
i. A booking cust be made for that practicQ session before a student is 
allowed into the comput~r room. 
2. Students takirll] tho 'Co:nputer Studies' course must book for the 'practice 
sessions in the.n~xt week on or before Friday. 
3. Computer Club mc.t:'bers must book for practice sessions during Monday lunch 
time. 1.10 - 1.25 p.m. 
4. The computer room will only be open 1f there are two or more booking. for 
that se~sion. 
5. Students must bring .10"9 their student card .nd ohcw it to the technician 
in chargo of the computar room upon entry. 
6. Each student must note down th~1r name, Cl~S9 no_ and time Of.U8Aqe each 
t~ they pr~ctice in tha co~putcr room in the log-book next to the 
computer they arc using_ 
7. Any stu::!cnt arriving later than 15 minutes .!ofter the commencement of the 
practice session will be considered late. Late students :ust report to 
the technician on duty (name posted in Cocputer Room) before startinq 
their practico. Failure to do so would constitute an unauthorized use 
. of: the C'o:1put~r room. 
s. Students prccticing in the computer room ~e re£ponsible for the safety of 
all school p=opcrtics in the co~puter room, and they eust prevent any 
unDuthorizcd Use of th~ computer room. Thus, when there is no technician 
in the computer rOOM, no one may be admitted. In case of un~uthorized 
students en~ering the room, thos~ practising there, i.e. the authorized 
\\sere will be punished. 
9. When there are only two students left working 1n the room, anyone wishin9 
to leeve ~~8t inform the technician on duty first. This is to prevent 
leaving the computer room vacant when the last one ~oes to inform the 
technician. 
10. Pcnelty - anyons late more than once in ~ month or anyone absent for a 
practice without valid reason (together ~ith docutt~ntation, e.g_ parent's 
or doctor's letter) will not be allowed the uso of the computer room for 
two weoks. 
11. l.ny irregularity in the functioning of the computers should be reported' 
immediately to th~ technician in ch~~~e and a writtan report of this 
.chould ba rr.ade in the log-book. No one In.:Iy then use that computer until 
the irrequlllritl' has been put ri~ht. 
DATE 
Nav.,-Sl. 
S"pt .. ,."B2 
Jan_ • "S3. 
tot.y, "83. 
JunliP, "93. 
B"I't •• 'B3. 
Nov. , '03. 
I 
ACTIVITY 
co.put.r - an Appl. I1 Th. achool". firat 
.icroca-put.r with 
.... 51 bought. 
on. disk drl~. and • printvr! 
! 
. t . 
Four- ~ ~or,,· •• t. of comput ..... ",.re 'boUoht -
_11 Radio Shack mS-B0 Hod.1 111, thr •• of 
which have 51n01. diak driv ••• ttach.d and the 
fourth on. h ••• dual di.k drive. Another dot 
•• triM printer •••• 1ao bought. 
SI. nR'" COMpUter. ",.r. bought - BBC Hlcro 
Hod.1 8, all conn.ct.d in a n.twork. A dual 
drive of tot.l capacity BeeK serv •• the Nhot. 
network. 
An.", wid. carriao_ prtnt .... ",a. bought aa , •• 
to r.duce t~. waltino time fer prlntino. 
~ ~. BBC Micro Hod.l 8 .. re lnat.ll.d Into 
the network. 
In ord .... that .tud.nt. can have more chanc •• 
to u •• the comput.,..~ :] cDf'lPutrr ..... r. placlfd 
tn the library. Of th ••• , 2 ar. n.w BBC Hod.l 
B computer ••• ch with. cas •• tt. record.r and 
one Radio Shack Mod.l III tak.n fra. the 
c~ut.,.. rOOlll. 
!.. 
Tha CoMput.r Club was •• t up and WAS in charge of the 
of the di.play of the co.putar .t the opRn day of the 
13Bth anniversary of the .chool. 
Short Maating. an programming wera arranged for the Club 
..-b.rs. As th~. wa. only one computar available, only F.6 
.tud.nt. were allowed to join the Club. 
Th. ca-put.,.. wa. used to do the ~ark and orad. calculation •• 
-.11 a. the ord~ of Mgrit for tha .iM F.3 CI ••• RS. 
For •• l t.aching of Coaputar Studi ••••• C.E. l.v.l .ubjvct was 
firat started. A tot.l of 20 student. ware .d.itt_d. All 
.tud~ts frOM the .ix F.4 cl ••••• can apply for the course 
and the .tudent. were •• lectad on the ba.i. of th.ir order 
of -.rlt. L ••• on. t.ke placa .fter school. Practic ••••• ion • 
take pIece after school and on Saturday -arninQ •• 
Th. eo.puter Club continu •• to provide opportuniti •• to 
tho •• not In the cOMputer cIa •• to l •• rn .ar. about co~ut.rs 
and cOlPutlno. 
Fout" "urt .... Ion. war. CJrganlz.-d by the r •• ch.,...· Council to 
introdUce t_achars to u.ino the computer to .. t multiple choice 
qu •• tion. and ta u •• it ••• HOI"'d proc ... or. 
Us. of CCMlput.,.... to do .ark calcul.tion and order of ...... i t 
.cor. for F.l - F.3. and the cia •• allocation for F.3. 
41 .tud.nta fra. thi. y.ar·. F.4 ar. ad.itted Into the Comput.r 
Studi .. cour... (Thus th. total no. of .tudent. takln; this 
cOW" .. I. 6111) Th. ad_i •• lon policy i. the •• _ a. for ·B2. 
Coeputer Club .RMbershlp ls eM tended to include student. from 
F.4 and upw.rda. 
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SYLLABUSES FOR 
S(CONDARY SCHOOLS 
SYLLABUS 
FOR 
COMPUTER STUDIES 
(FORMS IV-V) 
ONE OF A SERIES OF SYLLABUSES 
RECOMMENDED BY THE 
CURRICULUM .DEVELOPMENT COMMITIEE 
HONG KONG 
1983 
Preface 
This syllabus is recommend od for U!08 in Hong Kong secondary schools at 
Forms IV & V love I. Be5ides listing tho topics to bo taught. it also provides 
notes on teac.hing and suggestions for practical activities. Tho objectives of 
this COUIS8 are: 
1. To provide opportunity for tho study of modern methods of 
Information processing so that students may understand and apply 
this rapidly growing technology. 
2. To acquaint students with the uses and limitations of compulers. 
3. To develop among students problem solving skills through 
interDction with computors. 
4. To encoumga an undorstanding of the implications of computers in 
the modern world. 
S. To prepare students who wish to go on to further studies in computer 
sci~nce. 
This course is largely I",dependent of any other subject taken at HKCEE 
level. In particular. it contains very linle mathematics and thero is lillle 
overlap between this syllabus and any other syllabus approved by the 
Education Department. 
.Do 
." 
COMPUTER STUDIES 
... 
Estimated time allocation 
A time allocation of 4 periods per week is recommended for this cOurse. Taking an average school year as 27 
teaching weeks. a 10ral of 216 periods is available. An estimate of the number of periods for each section is shown 
belOw:. 
P~"ods PNiods ,. E",oIution of Intor"1.,ion Proc ... ing 5.3 R.pt<tMnUIlion of numtr~.1 intonnauon wtthin 
'.1 Caieul •• ",O .adI 3 the C0l'l'lPU1. I 
1.2 ~n.cal stored Pl'Dgfatn cMvlCft 2 5.' Codlno 01 In'ouNloo" in the cGmpylet main 
'.3 Meehanlcal C1.11& ~Io"ge dew'ce, I Slor. 3 
1.1 The c:lotV"o~nl 0' eleellon,e compUUrr' 2 5 .• Coding f:Otnputer input 2 S.5 Oeeooll''9 computet output 2 2. IntrOduc1ory Compute' Concept, 5.7 e/lclunv stelte 2 
2.1 -Input - process _ QUIPU'- concept , I. 0.t4 Process.ing 2.2 Tr.e COnlPLUtl 2 51 Oa., ptCCHSHtg conceplS 5 2.3 Sunole Pl'ogrlrnm'ng 3 
2.1 H.,dwlHe o,.tVPlcal m.crocompu.et Si~lem 2 6.2 Cormol 01 data 6 6.3 ElecuOftlC da~. ptOCHSlt'Ig 
'5 3. Flowchaning 7. Computer. in the Modern World 
3.1 Flowt:haning of non,computet problems 3 7.1 Balch PlOCHSlng 
• 3.2 ComOYlet algoruhms In flov.chalt 10'''' • 7.2 R", t.me proetuing • 3.3 ConverSion of 'Impl .. liowcna,u mlo BASIC I 3.1 Importante of howch3rt1ng 1 73 Intorm8ftOn rewev,' 3 7.' OIldIC._ compute,s 3 
4. Programmln; in aASIC 7.S CompuliWS .nd people I 
I.' p,ogr.wn documtnt"lIon 1 .. Comput.r Operation 
1.2 froglMn Iilngu.ge 30 e 1 Centl" PfGCessing unll (CPU) 1 1.3 PIOQlilmmtng (,"below') 8.2 M.,cluf\4: code 2 
I. Input'O ... tPut. Coding .nd the Storage of 83 P'OfOI'MI' e.acul>on 2 
Inform.tlon 8.' LilngloolaQeS 2 
5.1 
5.2 
t,:)d.ng In • Mn·COr.'Ipula, context 2 130 Numbtt' cOdes 2 
= 
The .amalflthO t.me (appro •. 86 periods, shouk1 be used 'or StudenlS 10 deve!op and IeSI thew own PfD;,arns on the school microcomputer 
ThIS lime should be dlSlrluuted o .... r the h"O veal peuod suen In.::al 5Iuoents work "'uh tha R'UClQCompl.n.f on e regullof o.as.... . 
1. EVOLUTION OF INFORMATION PROCESSING 
Syllabus 
1.1 Cakul.aung .od, 
1.2 Mech'RIC~~1 stored Pf~r.m do."" 
1.3 Mecn~r.lc.l1 doll.) ~IOlo1ge 
ah'oCt'~ 
, .• The ow.topment of 
.~tronoC computWf, 
Not.. Practical Activiti .. 
A bu" ~ 0I\Iy rs. 'eQ(Jt'e-c!.o I'~ ,he ft'otutlOn 0' ul(; .... "no 
aId' through .tle '9<:$ TnlS ,nould 11'IeJudt' 
(i) tallV~ks A1, Us.invan~us 
(ii) caunllng on finge1' 
(Ill) Ihe abH;us 
(i ... ) 1093flthms ilnd the shde rule 
( ... ) tnKt't.nrC.1 UICUI .. to,S (e 9 the work of PISC.II. tClbntu,. 
Tre'led bt .. tly. Empl'lolSls 'lnould bt' on lne UI\pOfta~1I 01. 
dnlCI ~hlc;h fS c.paUi4 ul opt!141.fWJ t~"IoYelv 4rta 
'ulomalie.ll".s. ,null of a !iotOl'~ Pluyrilm 
(j) The WOI''' of Jacqu.,d and B.bbagt 
(u, ModtN'n eump," Ol ... fbll", dc"'IC.H le g musIC bol, 
kcvmauc ...,..~ """chlRe I 
ThiS SK.llon tS IntenOed 10 ernph,ilslle 1M RHO 101 • new tOfm of 
d.tallOlilge 10 Nndle the rap.dl¥, tnCllfilng 'eQu"lIIn, ... nts by the 
end ot thot 19th untury. T 1'It' ~OI'k at HOIllnth snoyld be 
GI5Cu,"d. 
InttOdI,lCtlOR 10 Ihe put\Ched C.rd '". me.ns 01 dol""OfI9fi. 
HolI."th Cllds sno."ld not be IhIlOOIolGlta 11 thIS tlma. 
E.tlv eleCl'o·m«l'\aorucal.nd e-1t:Ctil,.rllc. .:ompIooIIC'S 'I'\d tne 
Gevelopment to IIW' Ple~ent d.~· 
Detilded deSCf,ploOns 01 ''I'ilems iI'~ not utQulled. Empha$!S 
ShOuld bt: on ch.~et. ,n ph.,."", "le. $,pted 01 oPto,atton.nd 
the Im~ct o', •• n\."OfS l~ae.n9 :0 the mlc.ro·et~cl'OI'\IC 
Ut ... olullon. ThE! lap,d 910 ... ,h In Itl .. us.~ 01 .1~CI,onIC de ... lC.es of 
all kinds (e g. c.llcut.nolS. YltJeo g.tneS elC.) should be st'~Wtd. 
A2. ConsUUClmg and USing .,mpIe 
p.1pet "lde rul ..... 10' ;I(k"110n; 
subu~'lon -"d mulllpllcahon, 
d· ... ISlo". 
AA. Cln. conSUIooICtlon ot. NI of 
.dga·cl.pPt:d c~ds Slollng pe,50no-l 
dll' (e.g. su .• ge. height etc.', 
SOIted USIng a kn.Uing AHdIe. 
2. INTRODUCTORY COMPUTER CONCLPTS 
_. __ ..•. ___ c _____ ._ ... ____ . 
Syllabus HOl.S Practical ActiYltia. 
_.---_ .. _----------_._--- ---
2.1 -Input _ ptocnl -
output· conc'PI 
2..2 The COrnpUlet 
Sc"dtrnIS sh(,ll,lld be aw,"e c.llht: "input - proeeS5 - outDUt-
~~nce In non,colT\puler con,,:lts Ih,ough UWt of ~ day 
eum~C$. 
SUltaCle .... mpl ... would be 
(.) olflce cle,k (in·I,-V _ proeeu _ ol,ll·".y) 
(It) rvoduClng cla!.S older of nw"! 'ra,,, exaMinatIon 'Hults 
(coHeCllttn at milkS - pr(ICe-Ismg m'),kl ac:cOId1t\g't' 
glYM hSI 01 instructIons .... Ofdo, "I meu!) 
Cui) klm j)l'oteUlng (f,lm coUected _ prOCtised _ 
pholographs) 
The COfT'IT\On 'e;u ...... , of Iheloa example' shOuld he idenr.f;ed 
Streu It .. 1.v.1 thallhe ptOC""'nQ IS Umed 01,11 accOfchng la I 
det.nu ... ' oI'nsIfUCllons-the prooram. 
This Sl:Clion i, Imended to give (he stud,nl ,. fI,m~fM apprec&Ilion 
Dt how a Compul." '~·'I.m o~r.tti. O.la,ls 01 tuud"""."e fK)l 
reQUH"ed al th" S1age. 
The 1.,..IUles to be J1lnsed a,,, 
(i) inpul 
(it' proceU-m.tn Sl0t8. "ithmetic unil (omrcl unil 
(ttI' outPut 
AS. Anv ot Ihe examples as , simu"llon 
eurc:.Sot. 
The malchltoll. computer should clInStlil 01 an /IIpul 'rav. ~n AG. ConSIIUCllon of ~ matchbOIt 
outpUt uav. al.~aSl161 .. bell~d nt.)lcnboll. "Io,a,),: loeallons. and compulet 
poss4)ly.,. ate. desu"n.ted It!. Ih •• nthmellc un,l. 
SllIdenls :hould work Ihlo"nl: Sill/pie proy'oms wh!!re both 
PlO9'.m and (Sata 'Sft S10ted In I,.,. matchbox cc.mpu'". The 
100Iowlng S,,·tr:bol, 5I'I.::IuIJ be ul>td. 
(i) HIlgnmenl insttuCllon A _ 8 
A~ I 
A7. Use ollhl rn.nehboll. COtnputtllO 
IIluslI"1 simple compul.,..nd 
program""",, concepta. 
Sytl.bua Notes Praclicel Activltl •• 
2" Mardw,'111r of ~ t .... p.cal 
n"llclOCc.mpuler s.,\tem 
(pius those of thl IQI'm 
(ill) rnpullnSllut!10n 
(1\1) OUlpuIIM!IUCUOn 
A_ B +C 
A_ B-C 
A- 8· C 
A_ 8· C 
A - A+ B 
A_A· A 
INPUT A 
PRINT A 
Thos tnuoduClorV "",or& wllh thl! ma!cl.bgll. compul~  
Slleu 
(" the d.SI.nchon b.stwlten Slolc-d ptUW,am.nd slore-d dat.a. 
(i.) the HQ .... otn!Io)1 procus.ng r.lln!oIIUClion •. 
The klhotloard. VOU as.n Input d" .... ct. 
IN VDU,'",lIller.n an OI,jlput cw"ICI. 
The Compultlf "ll.n 11011 ,nd 1nl loflm random ae:c~u m~l1'IOrv 
(F. .... Mj nn De Im'nl.onlO brleh", bul detail, sho",ld Ilot be gtveft 
.11"'s "lagl 
Us" 011"- m,,'o.:ompu'.' 10 'un ",mpll progr.ms bUe(I on.he 
M"I$IIvcllonS d.bClrbfd In Section 2. 3 Should be dotmonslrar:.ct. 
AB. !nltoductotv demonSlr.IIOOS ""'"n 
Ih. mlClocomput., 
3. FLOWCHARTING 
._-- -----'- -----
Not .. , PractM:.liI ActiYities 
3.' FlowcMrung 01 
non,conlpuUW 
ptobl.ms 
3.2 Cc.mputer "gorlthms In 
ftowcn'lI form 
3 3 ConverSIon of IImpl. 
Ik>wch'lltllnto BASIC 
Syll~bu. 
Ane6ysil 01 evervmy proeesiH into. 11'\1 of IImp!e. seQUentl.1 
IItPl , •. 0'. Slitting. caI. """.no IU etc.) 
R~nl.tion In 'IO'A-chat1 torm USing the folloWlnQ symbols: 
(I) &er"",..t boa 
(ii) procns boa 
(w) 'dec$ott box 
(1\/) flow lines ..,;. 
o 
D 
<> 
Te.c:hers should male SUI' 1Nl lhe .umples chosen Include 
deoslonS olnd kKlps. 
Int,oduCilon of Ih. fOllo-ng synbols: 
(i) utpUl,'outpul boil 
(11) conneclOf boa 
r7 
o 
E._pies 01 Comput~1 'Iowch.w' alyornhms should tneh.td. at ... 
of cwel., clol~ III!~ he"ge. genet".11Qn of Flbon.(XI sequence, 
blfwtry MiJtc;h, bubbl. SOft etc. 
Tea:.hetsll\ould mak. 'LI" IMlt~ eumples chosen ,lIuSII'" 
the use of unCondlllORolI bI'.nehrnV, condllional br,mchlOg .md 
the ..... 01. COuntet' TtM' 1Icn."~hrls used as 'lI03mpl!:s PJQuld as 
tolN" IS POSSLUlo! be: w.II-IUuc.tuutd. I' u!'IftO onlV lit:quanc •• 
iel¥Cuon .nd 1l1111t01' IS bul:o.nv bI<tCl'.s. 
ThfDUgh 11\& use O'Slmpte fiow.:)wrl ~.03mples, (he .oIlowing 
BASIC 'YllmenlS .nd oper.n.ons Should be Introduc": 
(I' INPUT 
Not" 
(ii) PRINT 
(tii) COTO 
(IV) IF ,. THEN 
(v, STOP 
(vi) +, -, ., I, C, C_, >, >., c> 
This IS best don. by listing PlogTams and flowcharts SIde by 
S.d6. The toncepl 01 hne nU",~ltnQ snould tie Inl,oouctd. 
3.4 Imoortanc.ofllQwch,rll"9 T.achers st\oufd .nsur. pupots 'pp'*"Cl03le the .dv.nt~es of 
'k)wchattS f.e. 
(" they cI .. "fy p<obiem ... by bl"e .. lr.lng compl.cJu~d ptoc;hMS 
mlO. letlts 01 l-I"'P'er M,)gIC"" sleps. 
(ii) they " •• ,~iWl to ra .. d Il"\In campule. ptOYI~.nd Ifa 
Iher.l~e. v.,al ~, 01 peg"", documenlaltOn (See 
Sccl.lon4.1) 
(iii) they "e an 'Id 10 debugg.ng aff04'S In .. lgOlitnm lOgIC (by 
use at the &dry fun-,. 
Practical Actiyiti .. 
AS. StudenlS deVtw. debUg.nd run 
thell awn I-ImpIt: progr.ms on Ih' 
mlClocompulwr 
.. 
4. PROGRAMMING IN BASIC 
Syllabus 
•. 2 P,oalam I.ng~ 
. .,..-. 
Note. 
Studem, »hould bu MW''': of II~ rteed 101 'ull plogrul 
6oc:unwnlllllOn and "hou:d n,alnta,n a w.,1I docum~nted tile 
01 ItWIf OW" poglan\1O. A lully·dOCUIM'Iot.a prC/(JI.lln 5llOU~ 
c:ontatn: 
(iJ litle 
(M' spe(.lhullon of ploblem 
hi., a'Y.:withmlflowcholrt 
(tv) list and defln,tlon of v.lI.btes used 
(Y, annotated program bSllng '''''ng REM statements) 
("'I leSt dIIla.1id sample outpuL 
Students ~'1~ld I,·,ltSa hom the comM"lt:lnceme-nt of tMW 
prOQf,mft'lIng. tha, the dOCUn"lclnlahon mUSt m8kto the plDgfatn 
un",,""8ndable to lh" Ie'St knowt4td~abl. potent,al U'Ul~. It " 
.1Ip«lec11NI a.tn stud<:!!1 will d~l>. and docunM.'f'I1 dUflng the 
COU,,,;II :U~! Iou, Se(lolla:" p'~"lIm$ ('It volrylng lentJlh. d.fflcultr 
and lubltcl "1aI1er. 
The 'tOfS,on of BASIC studied should ,nclude Iho following: 
(d atltnnwt.c op., .. IOfS (.. ., •• I. 1» 
(il) ,elolbonal operators (0:::, )t .... >a. c_, C,,) 
(iii) 1000Ical cp.tla'lJls (AND. OR. NOT) 
(ry' "llhm.;:hC lunCIIO~~ ISIN. COS. TAN. ATN.lOG. EXP, 
SOR,INT. RND, ASS) 
(v) stllng ful\ChonS (LfN. LEfTs. MID'. RIGHn. STRt. VAl) 
eVl) IIlpul/Oulp,,1 t.tolllllmenlS (PRINT. PRINT TAB. INPUT, 
DATA. REAO. RESTOHEt 
(Yd) pr~,,", SI.I.amtnlS (DIM. STOP. END. GOTO. GOSU8. 
RETURN. fOR .. TO .. , STEf'. NEXT. REM,lf ••. THEN) 
--------_._-
SyUabu. 
(wi) ",t~ft. , •• , -"d stf1flQ coMtams 
(lA) Itlttg ... luland SUlnv "iiUl~bles (slmple.lnd .. ngly 
IUbKflPIII.1J) 
(J.' ."ays (both one and IwO d,meniions). 
In add,tion. students should"now how 10 .... v.. ~. IllS!. run 
and Obt •• n NIJ·COpy 01 programs. When wnuO)Q thew own 
P'tI9"MtnS ",odenlt thOu'Ci be encou,agtrd to use the lull .anQ' of 
S.,I.ments p!'ovodcd by IM BASIC In wn,ch lM:r n ..... aceesa. 
$lud4n,,' ptogl'n\t InOUId nOI be solelv concefned wnn 
matnemallcal problems Studen:s ". ,1IPII!Cad 10 Pl'oduce on. 
lully docunw,ued plDgrOlm In .It ot:aSllwO DIFFE.RENT arelS. 
lhes..!! might inClude 
(I) g.ames 
(H' da.a prOCh.'"9 and busH"\':!>!; a~pheauons 
,iwl slmulations 
(IV) ".10511(;' ll\(j prOO.:lbolllY 
{v) compute' hSISI~ k!.I,nlno:,nsuuChon 
(VI) graphu'I; and ptoltllng lut'IChont. 
(vii) malhemahet 
(VIII) SCience 
and lOon. 
Practical Activit; .. 
Practical Actlvltlas 
A10. IndlvK:lua' comp",'" prooramml 
(sea NOles). 
•• 
INPUT'OUTPtrr. CQOItolC AND llH STORACE' or II\!FOnMATIO~': 
..... _ •.... 
Svllabus 
5.1 C(Y.III'g In a non·c.on!ptJtt" 
COIlIt:at 
5.2 Number cOdes 
5.3 R6pu:..enlilhon 01 
numetlco'l' In'oun.xoon 
Violllun Iht: com.,u~1Ir' 
S.. CO(hng of Infcwn~:..:»n In 
Ih. compule, ma.n. stOf. 
Svllabus 
5 5 Coding computer .:aput 
5.6 DecodIng COfrlPU ..... ouput. 
5.7 B~ .. lng SIOI. 
Notes 
~ .. 
The! d.flCfenc. bott_Hn InlormllhM .nd lIS 'trr.w~Il"on 
should tJoe s",:S\cc:t I.e. InlOfrndllM IS only Ih. InlHP't'liIllon PI.II 
on Ihe Od" lIV ~CI~ 
EUfUplH 01 non·CC),lnpu!er cort.n!} of In'O,milllon ~>tould be 
dlSCuHed. e g M~ Lode. 8r.dld. ft"!otS:Or ColOUr Ctod.t. 
Ielephone .... COCHo SIIICMnlS (.I." number,elc. T~ lusans 
'Of/.cfVMlUgeS cl COd.ng loho."ld bit c;onSlOllfed 
Students ~Id be ilw.,t of the dl'"nellon belwHn dlCllc.l 
.nd atuHOg SVSIemI 01 eodllng (t V, dlgtl.I.~ convenllon.1 w.I.ChK,. .. 
The 'epr~nla"on 01 Poo\UIV. Inlcg'!rs In denotry. b",,,,ry. OCt.' 
'!'Id htraadecln'l.:ll 100m 
(The purPOSf of this sectIon is to emphUIU th.t numbers 
CJl" be ~d 1ft ,,,It<Nenl ""'vs .!1d. 'ilf\l)ugh huJl\itf\ bi.ngs 
find lM CkCtmaI \.~ern tc.~vtnllenL. thIS need not be lhe ca .. 
'01 tuachmc, ) 
lrlls MetlOtllS In,ended to '\,I ..... e s'udf:lMl~.an in"ght WlIO Ihe way 
IN' the ComPUIet" ~""or~:o ."Vllllellc .nd toglC. Qpef.llon. In 
b.r.ary~. In .. ~.na t • .cl.on .. : br~y numbels. 
Addlllon and SulA'JlCloon of POtllivct bmatv numbHs. S.g~ blL 
T wo's conopl.mt-n: rt"ptewnlluon of Re'\,jlUl ..... numt.e.s 
SubtracllOn by addIhOf'l of Iwo', comp:.tTlen,l. 
Range M\d ~cltl'ac, of f'ked ""ord It'ngth reJ)lnentallCns 01 
bu1ilfv numbe'IS 8~ Ideas of "UhC:JlIIC!n. 'Dundln~ WINS. 
overflow and floalonO poto! It'prHenallOf\. 
StudenTS should .~';Ue 1t'"II"t'C,matlon (dat ... nd 
,nslIucllonSj 1$ ~ICHed Jlnd PfO;:U~lld In binary toOe Th. UH of 
.,.nuconduc,OI RAM Jlnd ROM fOr the slO1'.ge of bll\aIY ."ords 
ShoukJ be deSCt'.t.t.d .•. g.lhtough .. Slmpl. ~ ~f.cn of. 
Not .. 
, 024 • a btl c:tllP (1 K byte) Showing 8 dOl!;1I Inout:output 111\" 
and 1 0 ~H' lo' .... The ,.,-ms bIt. bvUL word .• d(bKS b.ls Jlnd 
dOt" bus Should ~ uMerSt,:)Q(l, {Note I"a, leml. co~ IIOIe 
shoukl no/. be Cf'SC.tbo.d I Stud.nls .hOUld be 'JI"""'-lI' ~lIh ~ 
conc.PI 01 ASCII COde 'Of tn. .cOl'aot .n:l proe .. ~ of 
alPNInumerlC InIOfIl'llUOn (the ~.Ihould not bit tnemonHd). 
The need lot codono sJ'IOutd be IItH~. Students thOuId be 
~ WtIh the 'OIIQoo1\,lng w.ys 01 cOdit'Njl mpul dJ\UI. 
fi) Ho ..... "'" pynehed ~'d' 
(", bit, codes 
(UI' VDUfkevt>o.rd ,~m.n ... ls 'studenlS should r •• hie lnal m"nv 
keyboarC$ 9<.'nt-rlte ASCII COdt", 
(IV) tn.I9nenc ri..1'I(I 00111:8' Char.CI.r rltCoVRlhOn 
COW$ should not M "~mUlllfld. Typte.I'PPllC4ltlOns OIlhtr 
'bOve should be described. _nd ttle ,e1allve ad .... Jlnl .. ges, 
cI~v .. nlag.es ChSC"u.ed.,. 
StYnem' &hould be madt aw.rt th.1 the d'Codlng procel& 'S 
&.'m{)Iy .he rev ..... of , ....... ncODlng proces •. T ne 1000Io*lng 
J*"'~" clhlCH sfllAtld be lI\,roduced .and dlsc:u~ 
(I) Itne ",Interior Nrd·c:QPy (GoIl bill!. d:ll maIn ... bMr.tt rypes 
c.n be CS<seulSe'd) 
(11) VDU. 
The dis',neuon btl~lhe main fcor.) SlOt. and the t.Kt.ng 
N(lfe. MagMhC ,aPt: and magnetic diSC as SlGfJlg. devlCft. 
OlseuS$lon of maln!b~kmg SlOt. WIth ,espec:1 to 
(I) phV't(:aI SIlt 
(it) SIOfJlVt capacity 
(Ui) cOSI 
(,,,,) aec:e" modes (stquenll,JI!lIndom, 
(,,) acee," IIlTWlor tI'Ie d.tft-Ient modes 
(wt' permanenu 
Pnrctic.al Activit'u 
All COI'IvelSlon"om one 10 'no,her 
Pr.ctic.' Activitie. 
AU. e.&!'nIna1tOn l.'f Itle inlerna' 
",."c,,,,. 01 • sem,conductor RAM 
chip uNHt'. microscope (or. 
phOlogr.Ph of lhe Solme). 
A13. DftnQtl.SUJlflor'l 01 ASCII by 
POKElng I:Odet. tnlO VIDEO RAM 
loco ...... 
A14. E •• rnin.attOfl.nd deco(hng of 
satnp4e cards.nd bar cod!:!'S 
,-
A' $ Audoo monlIOfIJ\g of Inp"I/OUIPul 
from Itle m,clocompUltl tape 
"UtIli' deck. 
6. DATA PROCESSING 
Syllabus 
6.1 Dall proceu'"9 conceptS 
6.2 Coullol of d.lla 
Syllabus 
.. _----------_._----------
NOles 
This IOOte will deal wIth data processing Wtlhoul SpecIfIC 
11!1f!Ienca to comput., •• 1 Ihllo tln'lC. Tho follOWing "C,," 10\0111 be 
cOWl.CI. 
(i) D.IlI"hhon 01 CWl. o1nd .nfOlm.:.on tlom a comn'ttfc •• 1 dal. 
ptoces~ng aUlnUpOtnl. 
(ii) SI.I981o 01 dlllla Plocess'"9:, which will btllfly cover; 
0I'911\,)hon 0' d;,ta 
d .. la rtflp,)l.ulOn 
inPUI 01 d'l" to the S~,m 
proctsSmg 01 cilta 
OU1PIIlof.r.10f1na1'01l 
(iii) The concept of recOfds, Mes and file Slot.ge I,om a 
comnlerClal CWI.) prOCf!u.nQ ,tandPOlnt. 1 he 'eCOld IS 
desellbCd as • COllectIon 0' ,elated Items .nd the Me a$' 
co/:ec:UOft 01 le~led 'ICOfds. 
(I) ThIS M"t:IIO<'I will t'ITIpnas.ze Iht: impon.nce 01 d,,,' being 
accur.hlt= ;md CU!T.plclt:, and lhtt consequences ot errors 
This will be .Nled 10 lhe prhlOuS se-tllon and W\II considlU 
IhI ptob:cms ol'llolccuritCy ,". 
(a) 011' c'pf""" 
tb) O.~ pu:pat.UOti and .nput 
(c) PrOUSSt"O of dall 
ThHe ~IS are 10 be c.onsiCfolo,1I(f from a co:nrnerclal dill 
PlOC:WSSJng standPOlnl.nd shouid be "ery CICKOIV telilflld 
to lhe fNlnu.1 pt.cllCOl pro,ecl on which the ~I"",anll I', 
wontlng, 
(il) Conlfol 01 data in a eompuleuI'ed SVSlem should be 
("$Cussed. Topes 10 be IncloJdeel shOUld be: 
Cot) Ve"'1CD1Ion 0' dll. at the dill' prepatalion Sta901· 
(b) V.hdauOfl 011!\pU1 bv notan, Cl' • p'oglam. 
ErrOf IISUngS shOu:cl ba IhI'Oduc.d hv •. 
(c) ',It- MCUflly and COP'" of files and prog,ams. 
--~---------.-----
Not .. 
Practical Activities 
Al6. f"allel With Il'Ie sectIOn tM 
Sludt-ntt IhnU~ uncl."I"e a 
s,nlpl' manu.1 d'I' prDeeulng 
project of. comtne.c .. 1 nah,'e I 
ttlust,'le tM tOP'CS covered an 
lhlS sectIOn. 
A 16b. Thf! probto!l7\$ of dal' contlot 
should be bought '"to the 
pleel~ prOtecl by the dellbe,'1 
InllOducllOn of enOfS Ind 
omtlSlOnt. 10 Ihlt the "tldents 
c:u mote , ... dily .pprtcr.a1' lhe 
COftI,IQuentd of t~ ptob&err~ 
---.-.--- --------- - ---------------
1.3 E~lrornc cQta Pf(ICeMolng This section builds on lhot cono::epts developed , .. ,lIer. 
The lotlO_ng lop!Csihould be dlw:utsad. 
(I' lnpUt doIV$Ces. ThiS Ihould btt a desC/'P!IO,", of a device wllh 
which ,t .. Slud&nts ~ .. Iamlhil, 10gl:lh<:, ¥Io'lth" LKte' 
.,WoduCltOn 10 one ath .. cH"'C" 101' camp.lIt.on The 
em~.~s M" Ulould be on th. use 01 the: d~\"'ce for data 
• nlly. 
Cd) OUIPVI d.wt(es 5,",,1 .. 10 III 
(Ill) F.I ... 5101.ge 11'115 ShOuld bel ,) bl"lel dt'scr.pltOn 0' how ',Id$ 
.,.stewed on magnellC lape and nUlgoetlC dls.e. With 
,ele1et\Ce 10 $.peC.I6C dno".,-,s a"',1I1.301. on Ihe C::;:On1pu~ef 10 
...,.,hlCh :h. students h."e aecuI. 
,,~) T yPft of hie C)f~",lll"," • .1t. ".mpl"',d descllploon ot 
seqINnlll1 0I0a""I1IQ,"I ShOu:d be g,,,en, togeth..- w.11'I ,. 
bn'f ov~ .. w of .. dll,CI ilccelil olgal'\I"'I~on wll,ch Co1" be 
demon~lf .. "d on tile computer 10 wh.ch Ine Stl.odcnu. n"". 
access A cle''' d.stlnctlon ,hould be dr'1o\On h.re 1>.lwII.n 
',If organ.,.IIOt'! and acC"' methOd' 
(,,) SOfllng 0' $.('Qu,nlial hIes. The Import.nee 0' sorting 
stQlII!nllal hlH Should be laught 
A17. hr.n.1 with Ihis M(:tion tne 
studentS Sl\ould ur.oeruke • \IetV 
•• ~ Computflflltd d.a 
procesSIng pro,"' eOlnpttSlftQ a 
sl!"l'ille tnI"" hie 6nd only 01"141 
tnpul record type WIth a m .. :mun 
of 'hlee Qutpul 'eporls. depend.n . 
on the Slle 01 the prOject te.rn. 
11 done In turns, tt\f plc,eet WIll 
.I~ lIiusu ••• Uta Rhd 'Of 
co·ord,nallon and clel' 
tommunICIi"Qn. lhe need lor 
computer fac'i"'e, should be 
m.mlnl.zed by Ihls apPfOOlch. 
Th. proJect ,I'IOVld dui \o..Ir'l • 
Slmpll! school '.cords h'Slltm. t~ 
It.'due. lam",.",a:.on lime. 
The Plottel should include I dlUt 
validlhOt'! eX"CIM based on the 
conceplS dIscussed In 6.2. 
-- ..... 
7. COMPUTERS IN THE r.ACOERN WORLD 
___ A _ •• ___________________ • ___ • ___ ._ •• ___ •• ____ .-----
Syll.bus 
InllodUC:UOR 
7.1 Batch prlXtSSlng 
7.2 Reallinl" p'oc.essu.g 
7.3 Inlorm.IIOtlllUltv.' 
NoUs 
In ,hit wetlO" ollM ~VUillJU:r. .• numbet of c.omputet aptJl.c:31lons 
wllll~ c:on .. cklnS T" • .,. "-01\. lM:.:n cr.o"n bt:c;lu"e t~ W\ItI 
la IIIUStUIUt Vo1,,01.l1 tNM:I.s. ,,' O~'I!"hon ",hol. nol d!'m.lndang too 
mu(.h lJ3(.k""ound •• pellenc.. bom ,he. Slud'lnl. 
T uchels shOuld eonsurc that the e-ICamp1el,t. dlseussea ill tetms 
0/ 
(I) nh"lde 01 ~'.I>on (bloc." d'o1<Jro1m 1$ ,,".hcI.,nt) and 'Iow 01 
enfOl'mluon 
(u) pef$Of\nel.nvolvrd 
(jjj) benehts.lnd dls.advan.o1ges (technOlogical. economte .nd 
SOC I • I) 
Saudents shoul~ bt Inl'~ ... cl:.I In ,t:fo ..... lnU'i ,"vu[vcd If thrs 
mode of O~I'''OI\:S cn(,~ .. n. 01(.(.1 1111 e)l~nM" (lllnlc.rtnatlon 
bt!lng out "I d';l~ ha::-+:l;:;" 
{I} P-1ytoU 
(il) ptoceu.ng of CUSIOI'J\&' Orders 
Students sl.uukI pe Inlrodund t(lth~ IUPPOfl "Qulf,d kw this 
modI:! 01 opcr"t:Ofl. e g tne f/Ir'oclO):Tt (lfganlzatlon .nJ access of 
',",s. cenunur.u:al>on hnU. 
banlpJes; 
(i) a,.n"lftg 
(it) &iJpe-rmari.(!ts 
A ~ItCubr l,.Ind '" '"l hmd s\·sttm thal.mphaslns on d.lta 
511UC1Ufe: and e:.-.qUlff Clp6t.1hl,.-Io. Eumpl ••. 
(I) lI\ephona enqulfllS 
(11) v~wdi!l.J 
--- ---_.- --- -_ .. ----.---. -- . -. - - -. - ----. 
7.4 DedlCatctd cornpu".J!1. 
7.5 COr."lPU1eIS and peocplo 
Molny COm(IU'l~ .tet'\I'tllft. ,lIe pe-rf"rr.tt'fJ by prOCII=!O"OIS wnlch 
""speclflcallv Odlg"ed '''fld.c.Uf'dt for ... ngl'la~l. inc 
~ .... nl of tn. m...:rc..proc. •• ~ r ••• moto. Ine cum,,,,,oU lIIOf. 
urnveruUy ~ .. lab~' tOt klCn sr.ec: • .l1 P\I,pcse ,ales. harnplH; 
U) yldeo game_ 
(11) .uIOtn.lIIC con"oI OllndU~tll • .1 proc:eUH 
The Imphcall(lns o! the rap.d sr'l·~ .. d of cornpule.r. on people and 
SOCiety. E. ... mpl~ 
11) The Uihln' sce .. t, (auto~:Jy. Cu.d,':del", c .. r~5' 
'"' The olhce and factory of lonlOUOW ( ..... or~ proce~~ .. 
'abO'+CI) 
(.ii) The ho'fJl1a' of 10mol'll,)w 
(t\l' Pau.,n, of fn-.clovnlenl and n"vw 1""IoII"I~~ (e~lr:) !t:::ure 
lime. hO~ (.omputeu", 
(v) CompuIIII. ,,,me 
( .... i) PII\I'CY 
Pnctic.1 Activities 
A1S Teachers Ir. encouraged 10 
,,,,,"~oe cl'li, YI"" rein_ill 10 th~ 
.~ltUlion, In thll ICCllon 01 Ih. 
.... ~ Whc,e PO\:olbra, umple 
d.lI. J'lnntout etc. Should be 
obtaIned and alscu_sed. 
Pr.ctic.1 Aet...,il,ft 
I. COMPUTER OP£nATION 
~_ - - .. __ . ______ .0 __ ._. __ .... ___ _ 
Not .. P,.clie.31 ACliyitiu 
-------- ---------- --- ------
a 1 Coent"l PloceUln"" unll (CPU) 
8.. Lan\ll.liloeS 
SI~nls should know lhot: the ':PU tont.,ns the fOllowing 
Inl.,c.onnecled unlls. 
(1) • pI"'J, ... n COUntCf 
(2) an Instruction f~ist .. 
(3) caNtol unit 
(4) .n MllhnMlUC Io9IC "not (ALU) 
(5) .ecum"IIIo'lI) 
(61 olh"" 1t:{J'5111'S 
The CPU CQnvnuntCollt-~ W;lfl l"'<;! INo! ollt,c computer VI' an 
,dOress bu=o. a 0313 bulo .nd It ,,"\t",lIoI OuS 
BISIC ,,,un.' of 'n.&en.n", .... U'uc.tIQll. 
O~ratICII·.:ode O~"""d(S). 
Compos'ny. """,=h,ne ta:'tS ... ~ Pl"og,am segment. 
Ex.cullon 0' ;, =oc-gmcnt of • rn.ten·ft!' 1'''9''''9' p.tog'.n,; 
(l) ,",Uucllon 'Clleh cycle 
(2) ... eeulion cycSe 
hplanal10n 01 the ,,,.cullon ot ;he P'0CI''''T1 sl-\Inwn: In 8 2 
Func;llon' 01 the b.l$iC elc1nlo#hb oIllilt CPU COIn be ItHle,at~ 
hlfe. The Inl.rconr.cuons 'mocog thew elements ltohould be 
IlIustt'lfli dutlftg l!'le upI.ln.illCol\. 
Sll.Id"nts should ,.olit. I~t 11"\4 CPU .Iways h,md:es n"..lcohln. 
,--
Tht rel"tionshlp btlWItef1 m.x:h'l\e Code .• sseftlblyt.:.n'luagli:. and 
high tevellangu.gel. logelh..- v.ltn an unchn:lland.ny 01 tn.J rOle 
Olll~slalorl .hould be un~"ood 
A19. Demonsu.uo"l of llmple m;:Cfl,n 
cod~ srgmt:nt ... O .• dd,ng !hO! 
conlc:n, 01 a n"l.lllmolY loe.uon 1nl 
the conlenl 01 't"! .t.Cumuhllol 
and plac,ng tht 'Huhln 3n:lth~1 
memory toe.n.on. 

/tt!lj! fI!.!iIl. !.l tl :SH'. tt 
"arm flTeIiM.-"~'-.!:~:L'li' __ ==_"...,=-~=:-:== __ _ 
SUNO TSUN KIDD~ SCHQOL.8AI KUNG ,N.T.,HOHG KONG. 
P.UT I. GOI~I!L 
A:!DIT FIL~ (open/retrl.ve/oorreot/revl •• ' 
!I,PILI: CATALOG (ohecIC/de1tte) 
C, CALCllLJ. TI Olf 
O,SORTING 
E,UVISIC FILES 
FtIN!lTALLATION 
),OTH~ PART (FOR RAKOISK USE ONLY) 
PART 2.tERM! YRIKT/a&~RATC 
PRJIlT 
A, ~I,I,Se TltRN RESULTS 
Bt A1:~lUAL TERK Rl:SULTS 
C: TEST/eXAM RESULTS 
"D,SUnJECT CRADJNGIC 
Z;,TAlIll!.ATION 
G«N!:RATIr 
F:AN~UAL TICRH RESULTS 
0, TEST/I!:XAK RESULTS 
H:Z-SCOR!3 
ItSUSJECT CRADINGS 
Jt 1I!8TALL/l.TJON 
):OTH:R PhRT (POR RAK01SK US! ONLY) 
PART lh F01I1l S~ARl;TI 011 
A:sePAR~TI0~ by OTA FILES 
B.EOIY SePARATION FILE (open/retlrev./oorreot) 
C,rOR" SI!:PARATIOK 
D'R~TRIEVE CLASS KAMELaIT 
Et FOlmAT FILI!:S . 
1': l'b-.:OVE 1'1 LES 
G,1I1!!r'wISYINC BY NA!reLIST 
P.:~RZ~!Y./SUFPIT.-Nh"ELIST 
I,CATAbOtl CHI!:CIC 
J, INSTALLATION 
" PART .,BASIC DAU 
AtI-l1HT! NAKE/STRll PILES 
B:SUaJECT CODES (DEFINE/CORRECT) 
C,PRIN7 TICACKERISUBJ~ CODES 
[),P:UXT HAJlSt-IS': (CLASS/FORN/SCHOOL) 
E:PR:wr STRtlCTt1R!: !'IL!: 
~'$OPT C~ASS KAMELIST TO FORM NAH&LIST 
C:11CRCE YOP;; NJ.HELISl TO l'ORlfS-LU!T 
H: Cl. TALC::. CHl!:Cr. 
1: I NSTAt.LA TIOll 
PART "COpy OIst 
PART 6,0ZMO O~Th DIS~ 
PART ., I RIl!POM' " 
1., P'ORIIl'.rrlllll 
II :ce:m!I!I.TOp. 
C,PP.JN'I' 
0, CA,'I.LOO 
It: r"STALI.r.l1C~' 
PART 8tl<t.1I0ISr. !)I:IVe~ 
1:\.1\1<1;9 B YS'OI" HilIlm' E, 0 
SUNG TSUN NIDDL« SCHOOL.SAI KUNG ,K.T.,HONG KONG 
SPI!:CI neAT lOftS 
no of Students/cl.os :50 aa~ (23 char/lenght Aaa) . 
( 2 clanses/... .ortlng ) 
no of 
DO of 
Teachera 
Subhcta 
R ••• ,.. ... d 
: '10 aa:r 
:60 •• x ( 2 syat •• detlned code.· Included; 
subject-code .. , 
dleo 
und 
TT: tera"total 
TV: ter~ ayeraga 
Etl: /!:ngl I ah Language (EC/EOIED lEG> 
Cl, Chinese ~angua9. (CC/CO> 
F~:structure file :P~3A.II'!R 
STRUCTURE F[~e: 30 files ~al 
TERH RESU~T , 25 FILES HAX 
( TOTAL: value ( 99999 ) <tecl.a! place:;O 
( AVERAGE: value ( ~9'.99) <tecl.aI plaoe:Z 
( SUBJECT: value (999 ) decloal place:O 
CALCULATION I 14 FILES HAI( 
DAU·PIUf 
( TOTA~: value < 99999 ) declaal place:0-2 
(AVERACE: value ( 999,9 ) <tecl.al plaoelO-2 
(SUBJECT: value ( 999.9 ) decloal placelO-1 
character dtsplayod on screen :5 
SUGGUESTION PORN (6 ola •••• ) I dl.~ 
- It dePends on the slz •• of the files. 
FULL NARKS: 100 
- scor.s •• y be acaled to 100 while editing, 
~O VA~Ue:/GRADe: .al Iflle 
for nuaerlc data: 0(N(99999 where N la the Input valUe 
<teclaal ptlce: 0-2 placea ( sugga.at default 0 ) 
for grade type data: 1-2 ~har :left ,aatlfy choice 
for tho., who ar~ 4baent/non-~lectty. ~t.e. aarked • 
(a'lerage rate wilL.not be counted for thoa~ ----) 
I) APPLE 2+ (vlth 16k ra.card) 
APPU: 2 .. 
2) 1-3 DRIVES 
(RUII PA5T by vorklng with 1281:/~12k ·raacard) 
3) PRINTER (optional) 
(RUN PAST by printing with buffer IC8talle~) 
4) 80 col card viII be u~ed In PART 7 - REPORT 
for checking I selectlnq PRINT-CUTS. 
!'OR FURnlER IHl'02IIATIOII AND O"rHER S~UIReS 
Pt.El\S!!: CONTACT K" C. L!WNCl, SUNG TSON HI DOLE SCHOO~, SAl KUNG, 
:3A) MATHEMATICS - TERM 1 TEST-I 
-------------------------------------------------------------------------------
lUNG TSUN MIDDLE SCHOOL.SAI KUNG.H.K. (1~8~-86) 
F"ILE.MA3A. 1 T1 
DATE.04/04/B6 
SUB TEACHER.LEUNG Kam-chung 
~A5B TEACHER.CHU Hon-kwong 
~A5S REMARKS.TEBT NAMELIBT 
rILE REMARKS.SAMPLE TEST DATA 
'ASSING MARKS. 40 
"ILE REVISED. 190% - 100%( * .~263157~) 
:NEIJ riLE> 
._---------------------------------------------------------------~------------. 
NAME SCORES (POS) RAIJ SCORES IREMARKS(INPUT) 
11 CHENG Chl-k*ung 100 ( I) 100 1.90 
2. CHENG Plk-fong '35 ( 4) 94.736B422 IBO 
3. CHEUNG S ... -rnan '31 ( 6) '30.5263156 172 
4. CHEUNG Yuk-lin 21 (lB) 20.52631~ 39 
5. CHUNG Lal-..han ABSENT· 
6. CHUNG W.I-hung 47 (17) 46.B421053 B'3 
7. HO KAfft-k •• 97 ( 2) '36.8421053 IB4 
8. KONG Yuk-chun BB ( 7) 87.8'3473&S 167 
'3. KWOK Chl-.. lng 84 ( 9) 83. 94736S4 15~.~ 
10. I<WOK Pe>-chun 71 (15) 70.5263158 134 
III LAI F"u-loIlng 0 (21) 0 0 
12. LAI Kwan-ylng 76 (12) 76.3157895 '145 
13. LAU Yu.t-ylng _. ASSENT 
14. LEE Chi-hung BB ( 7) 87.8947368 167 
15. LI Wal-kong 96 ( 3) '36.3157895 183 
1 e.. MA So-ylng 94 ( 9) 83. 6B421 05 15'3 
17. MA W"I-ling 73 (14) 73. 157B'347 139 
18. MAN Wal -kcong 68 (16) 67.8~47368 129 
19: MUI Wd-hung 76 (12) 76.3157B95 145 
20. EEl< Slu-kwong '35 , 4) 94.7368422 180 
21: Y~UNt3 Kin-k:~1 82 (11 ) 82.1052632 15& 
------------------------------------------------------------------------~----. 
no or PASSES.17( 89%) 
no C, rAILED. 2< 11%) 
no or ABSENT. 2( 9X) 
t:. 9J' z t'i. A-
I I":: ~:~.~:!; J!"i-~~o:n "~ ..... :1'1· ::T!~·.q~·~ (i 
I J",l': -,~~. tJ.~.'i;'~1U ·{i'lTn,~ ..... 
VERIFIED. ________________________ ___ 
I 1':~.":'.it~Ait'· I{:,:f. i'HH 1,~a'".D;lI''.I't~'t<''' .. 11'!JH,'_~~'" I" t,y:! (j~.f 1".: 
':I {'to "l.:t':HJ :2:'" ~ti1·.I[' ,uil~ 
v i.1'l)~lA.t(.'· -.. J.~rfWI~~w.:..u:.Jff'r.rl~R!Y.(; 
(04/0"1/96) 
..... _ ....... __ .- .. -.---~ ... --... --... ----.......... --.. -.. -.-- ... ---------.... --.. --....... -----......... -.. _--------.. -
:~::.:: l"..:!:(.;'J::.t-~ k;'I.-\\;;'oj 
,·~;tT ti.:~~nllLST ta."".!].J:;:' 
,-_ .•.... _._. __ . __ .. _-_._ ... _ ..... _ .. _ ... _._-----_._-_ .... _ •... __ .. _-_.-
L~':.·t.1 aVJ I";' !:;;, G I),I~ 200 :.0 106 I'" 
T-: .. l ,\'IL U~rai t!~u ~AT2 :;,,\3 MH IAT5 MAn KlT7 MIITrt 
-_. -_ .. __ .-.. ----_ .. --...... ---_ ..... -.-.... --.-.... -..... _-.. -.... ---_ •.. _-------._ .... -- --._-_ .... _. -------_ .. _ ..... _--------_ .. _--------.. 
2 t.':::f:~ CH"h ~!.'. 
2 ,:::::~ FE "fc .. ~. 
:" c:n. ' .. e·t-, ~ 
.. C::ZiF.J .... ,.·Jir: 
~ c::...:'~ lll-.:I;:' 
, c::.;~ Il"i-:T: 
7 !:j r.;,)-~!,t 
a :.~~.:; ·;',,~-d.'.:; 
~ :-;:: ttt-:.i:-:; 
:~ ::'!3 f'\'-(~::~ 
1 t t:.i fu-. !-~ 
1! v: :.::.-::-y!' . 
J:I lE Y~:·~-ti;..; 
i = ~r: i:.t -;-'.:: ~ 
i: u ~·:.t-! c.~ 
1~ i:'! ~ .. -~;,: 
11 ;:.' !, .. ! .. ~j:; 
: .. -::' -, :.:: ~." '".,: 
. i: 1. . 
.. - t. 
'. 
:!I, ~ 
44~.': 
tl~:i 
'-'!o 1'1 ,-. .,~ 
,,-
. ...... 
~ 
.:;, ,. 
::.;~. ~'l 
: .. "!.:.t 
:~2.;"~ 
1.; .. ';'; 
~:;_O! 
"~.'I 
t~j.:rl 
"~:".c.; 
C·,.~ 
;! .~~, 
;~..3.1: 
~.! .:.:.1 
r.).u 
" ..... 
..... .I' 
7 •. ;: 
.... 
:;. i:i ;::::J HO',': 1!.1 4 4S.\! ~).O 'H.U D.tL -'40.=' 
s:..tj ~!ftj ~';) • .l ;(,~ ~ ~;;..O '7.~ ~".IJ H.5 t?.!..!L 
iL.~_ : 1; i!.f1 t:.1 ,. IU 87,t) !l".~ £1.: 70.1 
:.~.ld, tfn ~~~., ..... ~ 42.u 72.;;' n.~ Cl.'} 
3:~~~ (:!} .. •. ;J;A 
;S.l~ ( Cl 't).1l 7', ~ .- ~.O Il_~ .~ .• 11. ( 
... .~ 
'''.11' ( '!i ~oj.\; n,. l· 50.0 100.0 l!J!.81.9 40.' 
;~.~~ ( S) 6a.~ ~.,. s 7B.0 IQO.t. 'I1..!..77.1 ~ 
;io .. ~ , iI t!.Q %.e ~ 57.0 61.0 f2.0 75.1 eo.1 
J2~!d ll!J) li.O ..u.. I •• ...It.! Ilt.t J,~14.7 
... tJ ( U) .M il.! r. ,~.o 14.0 73.0 11.' 10.$ 
'!.~3 (12) 1 •• 0 u.!.. C. 13'.0 n.o 54.' 41.3 ~.8 
~7.21 (W - 44.1 C' £!JL ''-0 n.o 55.3 ilJ...L 
tl.7C (~lJ :i~.C 63.7 C' :!t.0 ~.O 65.0 rl.1 ~ •• 
lC.:r. ( 21 %.t 8S.3 l 76.0 71.010 •• n.l 7~.2 
:,<.j6 ( " 8USM l· !M ..M U.o " •• 11.0 
;].C) (J~I 73.~ n.' .. I~.O 3.0 14.0 77.1 iSL 
bl.EU ( n ,a.o 88.2 t li..1. 14.0 6M 'M ... S 
".14 IIlI ;i..O .2. t .,. S6.' 12,G 1!.0 l1:i..~.' 
n.1~ 0" ~.O ;5;.' •• 7!;.0 ~ 7>.0 l!.!.AJ. 
~;.:., \10) t4.0 n." •• 7iI.t .li.! 7lot- ~.3 8j.~ 
~ '.-1. :s..~ t:. , GC.~ £.4 •• il .• CoO.1 ',.r 
.. J;·H ~ 3 l 3 • 
" l '! ; .:1 17 1i !I It IJ I~ ,. 
.,: t·~.; 1 7 I 
~~~I ':': ·:.~.iL .. !:'-.l:-~, ... :l~IlI-Ct,"t~? 
"::,'~TA c, 
-
.. 
-;":.'='j' 
-
~ 'P~~'I 
" 
) , -:':E .... TL:r-: 
, :-:~:r'! -;~;::i 
':~ , C .,: .. '-1.( n;.ST 
.. 
-
" i. r. rES' . , ·i • 
~.'·J"?~r Tf: J""i 
!. : .i " 
,. , ,-,...., L.'" • 2 
(3") 1ST TERI'I RESULT (04/04/85) 
.. --------_ ... --------_ .. _------------... ---------------------.--------
SUNS TSUN MIDDLE SCHOOL. SAl KUNG.H.K. (1997-99) 
CUSS rutlDIOI·Cl!U ",,·t_, 
. CLAn l£wrs,llSl IW(lISI 
PASSU. _SI" 
------------_._---------- ------------
1It1""l m 100 12t 200 " 100 100 50 
11)0 11.11[ 1.111 Av.. (P!lS) Cl tJI !lA ss PIt Cl ell 
__ .. __ .. __________ .... ____ ~ __________________ M .. _ .... _ .. ______ ....... _______ • ______ .... _ .. ____ • ______ .. ___ .. ___ _ 
I DUI Chi -hun, 
2 CIiElIG PII-I .. , 
; tl!WIIS SH .... 
e nm:a '(ut-Ill 
~ tI!IJI& lal-Iioa 
, CI!tI!& "HUI, 
1 lID hc-I .. 
• 10 .. fol"<h .. 
, UX CM-.jll~ 
10 M!: r.-(hWl 
11 III ru-.I., 
12 U! I ... -yi., 
\3 UlI htl-yllll 
14 LE£ OH· ... ' 
15 Lt Id-I .. , 
Ii IIA s.-ylo, 
11 III 111-11", 
I. IIAlI id-l." 
" IlUI lIoi-l ... 
~ Utili· ..... 
21 YmIS JI.·hl 
hiltd. 
",,,tI: 
IlIl.tntl 
m 41,;1 (20)_.' ~IJ '" H .!.L.JU~ 
~ 'J.:<:i 113) u~ :i!. 63~ 11 ~ 
4iI t~.44 (91 11 S~ 10JJ. £) 77.J1. 
:u n.~l (J) 11 82 16 II'J 7' 76-i1, 
£2~ 1211 -.J1 -- -
m It.'2 (" El 7' 5'~ It 12 ~ 
m 1M3 (W 84 'I £3 "-11 a4--.§. 
5r,4 18.3:> (11 11 73 74 ~ a:s " IB 
~>ll 11.5~ (2) 12 71 8t e-a 55 82 7. 
lQ1 10.14 (71 Cl 71 M !a £1 8'-11 
:m 55.33 U7l-1l 11 '0 ~ "..1Ln 5.'" 73.Gl (5) 71 '1 " L4 II'J 7£ ~ 
53' H.14 (41 U " 78 SI 8£ 7~ 'I 
.~, 'Ml 110) 'I n.JLll '" 84..n, 
'IS '2.21 IIll 11 77 ~ ~2 t, ,,~ 
m 51.~ 11"...11 ~...ll ~ £3...11 17 
sel n." (I) 66 '" 11 " 54 " " 
Il2 'I.I~ 1\3) 71 £3...i/. -...i/. 76 K 
m '2.9£ Ill) 11 '1 :18 "-it 71 !>I 
m ".~!m 77 82 ~JLll. n..n, 
m :18.2. Ill) 83 ,~ ",.R ~7 B1..Jl 
2( lO:) 
(" !Oil 
t( OIl 
32~"lll 
11 I. 11 Il 11 17 , 
I I 0 2 1 I 
OVERALL AVERAG~. b~.7~ 
rILE 
1 
Z 
3 
4 
~ 
5 
7 
REMARK!;: 
CI3A.lt:R 
El'C3A. lER 
11A3A.IER 
SS3A.1ER 
PH3A.lER 
CI3A.ICl< 
CM3A.lER 
SUB 1EI,CHElhlSANG Chiu-wai 
(:lO:I-'3lfl€.) t TEST-40Y. E"XAM-E.O% 
BUD TEACHER: TO,.JG Ki n-k ... ·(.oI~ 
(~1/21/~1). AVERGE FILE 
SUII. TE,\CHE:R, LE:WlG K .. n.-Chunll 
(0-1/'.>4/85) I TEST-407. EXAM-GOY. 
(30/1.)3/86). iES'T-'--1(1~~ EXI-011-£O% 
sue TEACHERIW(\I~G K;.;It,-cl~ .. un'J 
4 0'.; ·)~/8t:. I t" T1::81- 4C-'l. EX/-\H-GO~ 
[,t.:ll TEACHER 1 TSAf..tG Ch i u-wcd 
t.:i\11 f..2.'(J~,! YEST-40~~ EXAI'!-GO'l. 
SU9 TEACt IER: KwO~ Y i nl-k i no 
(2t)/t;3/~b): TERM 1 E.XAM 
~TICS - CLASS SORTING «>4/04/B6) 
.-------------~.-------------------------------.--------------------------------
,UNG T5UN M I UOLE S(.HOOL. SiU 1·:Ut./G. H. K. (! 9BS-B6) 
FILE REMARkS 
SA LEUNG. Ka",-ch\.lno 
MA3A.1ER. (04/04/86) TEST-40% EXAM-60% 
3B LEUNG M~n-vin9 
~IA3B. IER. (20/03/86) TERM 1 EXAM 
3C HO Lai-InUl 
MA3C.1ER. (20/0~/86) 2ND TERM EXAM 
:;0 CHIU v'u-cheurIO 
~30.1ER. (20/03/86) TERM I eXAM 
3.E SHEK K"'l-hun~ 
MA3E.1ER. (20/03/86) TERM I EXAM 
3F LIU Yiu-kwon9 
MA3F.1ER: (20/03/86) TERM I EXAM 
________________________________________________ .0 _. _____________ . _____ • __________ _ 
FORM-CLASS MARKS CLASS-NO NAME TOT~L 3A 38 3C 3D 3E ~ 
-------------------------------_._----------------------------------.-------------
\- \ 
2- 1 
3~ 1 
3- 2 
3- 2 
6- 2 
,,- 2 
6- 4 
q- 2 
9- 2 
9- 5 
9- S 
13- 7 
14- 1 
15- B 
15- 1 
17- 2 
17- 2 
19- 4 
19- 4 
19- 4 
22- 2' 
22- 2 
Z2- 4 
22- 4 
22- 4 
22- 4 
22- 4 
22- 9 
22-q 
22- 9 
:~2'- 4 
32-12 
:;;'4- 5 
34- 7 
3.b- b 
3b-1S 
38- 7 
.39- 1 
39- 1 
39- \ 
42- 4 
42- 4 
42- 4 
45- 7 
4~- 7 
97. (l') 
94. (11,) 
Ql.0(' 
qt .. OCl 
ql.(h) 
90.(10 
9,). (H) 
q .... f)O 
89.00 
89. (u) 
89.00 
89.1.10 
8B.00 
Bb. 00 
81.00 
81.00 
.'80. W 
80.10 
79.20 
79.20 
79.20 
!B. 00 
7B.(U,' 
78. (11.) 
78.00 
76.00 
78.00 
7G.OO 
78.0(' 
78.00 
78.("10 
77 .. t)t) 
77 .. '.10 
7b.Ol) 
76. (>0 
74.(10 
74. (1tJ 
73.90 
72.90 
72. '1(.1 
7-::.91) 
72. ,)'1 
72.09 
72.09 
70.47 
"/f .. 'I J 
700-21 
3£-:;:0 
3B-16 
::·E- 9 
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LING Mei-yeeo 
3F -'27 MAN Shu-vee 
3A- 3 CHEUNG Se~-man 
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::'.Et"~l'5 MA Chi-mina 
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Ct.ASS.3A HATHEMTICS 1ST TERM RESULT (04/04/86) 
---------------------------------------------------------_._-------------------
SUNG TSUN MIDDLE SCH~.SAI KUNG.H.K. (1997-98) 
CLASS TEACHER.CHU Hon-kwong 
Cl.ASS REMARK8.TEST NAHELIST 
SUB TEACHER.LEUNG Kam-chung 
PASSING HARKS:~O 
File 
TEST-MA3A.ITV 
EXAM-11A3A.IEV 
1ST TERH-MA3A.IER 
Remarks 
(04104/86) AVERSE FILE 
(21/33/44) TERM 1 E~AH 
(04/04/86) TEST-407. EXAM-GOY. 
------------------------------------------------------------------------------
100r. . 40r. 60Y. 100r. 
NO NAME 1ST RESULT POS TEST EXAM TERM RAW RESUL1 
------------------------------------------------------------------------------
1 CHENG Chi-k .. ung 42 (19) :55.60 33.7 42.46 
2 CHENG Plk-fong ~G (14) 57.86 SS.4 56.384 
3 CHEUNG See-man 78 ( 2) 75.S2 60.2 78.328 
4 CHEUNG Yuk-i in 76 ( S) SS.~l 89.1 75.664-
5 CHUNG Lai-shan 31 (20) 31.00 31 
6 CHUNG Wal-hung S9 <1P &6.87 53.5 58.848 
7 HO Kam-k ... E.3 ( 9) 73.S9 55.4 62.676 
8 KONG Yuk-chun 74 ( 6) 69.20 77.2 74 
9 KWOK Chi-ming 86 ( 1) 80.4(, 89.1 85.644 
10 KWOK Po-ch un 66 ( n 40.65 83.2 6E..18 
11 LAI Fu-wlng 60 (10) 67.21 S5.4 60,124 '. 
12 LAI Kwan-ying 66 ( 7) 60.77 70.3 66.488 
13 LAU Yuet-y1ng 78 ( 2) :58.34 91.1 77.996 
'14 LEE Chi-hung 48 {17) 62.41 38.6 49.124 
15 LI W .. l-kong 58 <12> 77.53 "'4.~ 57.712 
16 MA So-ylng 2:5 (:'!1) 63.18 0.0 25.272 
17 MA Wai-lIng 77 ( 4) ~9.22 88.1 7£.S48 
18 MAN W.!-kong -47 (18) 67.95 33.7 47.4 
19 MUl W .. l-hung 59 (12) &0.79 55.4 57.552 
20 SEK S1u-klolon<;l 52 (15) 51.67 51.67 
21 YEUNG Kin-k .. l S2 (J:l) &3.47 44.~ S2.088 
------------------------------------------------------------------------------
- -
a.verQE< 60 61.65 ~9.9 
"? of PASSES 16 19 13 
no of FAILURES :5 2 £, 
no of ABSENT 0 0 2 
------------------------------------------------------------------------------
Cl. ... sn:;~~i;. KATH'!;t1ATlCS ANNUAL RESULT (0.4/0";/ l : 
-----_ .. __ . ---.. -- -----_ .. ----------------------------------------------------------------_. ---------- . 
SUNG TcoUN Ml:::'lLE SCHOOL. SAl KUNI3.H.K. <1997-98) 
C'_,\2L T;:-""~'!F.f!1 CHIJ Hor.-kwong 
(.LAf,S ~'EI1AR.~S: TEST NAMELIST 
sua TEACHERaLEUNG K.~-chuno 
PASSING MARI(S: 50 
Fil .. 
19~' Tr:;<~l - MA3A. t ER -
2NI) "F.R~! - MA:~A. 2ER 
R.,..,.yks 
(04/04/86) 
(20/03/86) 
TEST -40.Y. EXAM-60Y. 
TERM :2 EXAM 
AN~!UAI_ - MA3A.AER - (04/04/86) 2>lST 3>2ND 
.......... ' .. _-_ ... _-_ •..• -------------_ ... _ .. __ .. _---_ .. _---_ .. -----... _---.. __ .. _-_ .. -.... ----... _---_. --..... - . 
21' 3/5 100% 
Ri ~~ TDTtol AUlAt. RESlX.T m ISf TERft 2JlD TER!! AIOIUAt 2J.U I:ESU. T 
. 
------------- ------ ----------------_ .. -
I UiErv CIIi-ktllA9 m 
---1i (18) ---R ~ (l.a 
2 ::::<119 Pit-long ~7 6t (14) 56 is tl.4 
3 U!l~ Stt_ 357 71 ( 71 78 67 71.~ 
4 tlli:JI1ll Y.Hl~ m 84 I 2) 76 H 83.8 
.., CI~ lal..-,h .. n 
-ll 121l ~ 31 
6 tHt",;.; lC>i-I.ong 3&1 78 ( 4) ~, 90 n.' 
7 ~p ;u-tt! :m Sf ( 3) 63 
" 
79.8 
t ~rlii' Tul .... hun 217 ~ 119) 7( ---'1 43.4 
, Xillll: C!li .. lav 367 61 (14) IK 
---.n 61.4 
I 0 KlI.l~ "-<11111 330 56 (6) 
" " " 
11 HI r.·.i'9 ~ 71 ( 71 6O it 70.B 
.12 lAl K ... -,I", 132 
" 
(10) 66 
" 13 UII h.l..,-il, 4Z~ 85 ( II 1& ~ 85.2 
14 lEr C .. HWl9 :lS7 71 (7) 
--li 97 71.4 
15 Lt t!?i~kt'ft9 31T r.: (13) 58 67 ~.O! 
16 ItA So-yin, 1S2 ---1§. (20) 
---l2 ---ii 3 ••• 
'17 M [11-lI., m 04 (12) n 50 '4.~ 
18 MIi VIi-h>ll9 m ~, 1111 
--.il. .7 SS 
I' lkIl ~.i-h""f 'J17 75 ( SI 53 97 . ~.4 
20 ~El Siu-t.ong 31."'5 tI (141 •• •• 61 £1 
:1 rEU-~; ~'rA.l 371 74 (6) 52 . 111 H.2 
--......... ~ .. -------.------.-
----------------... --------------~------------------------------------... ----
nuv· 64 to £! 
00 01 PASSES 17 16 IS 
ftO 01 rAIUll:£S 4 $ 4 
n. of UErfJ • 0 2 
~o~~Trc~~· - CLASSES GRADINB 
MIDDLE SCHOOL.SAI KIJN(3.H.K. (I~7-9B) 
F"ILE.MA3C.1ER 
DATE. 04/04/86 
S~~. TEACHER. HO Lai-eui 
CLASS TEACHER.CHAN Shun-ya~ 
rILE REMARKS. (20103/96) 2ND TERM EXAM 
CLASS REMARKS. NAMElIST rILE 
-----------------------------------------------------------------------------
NO NAME GRADE MARKS r ... w MARKS 
-----------------------------------------------------------------------------I CHAN F.;Jir-lc.an H 27.54 27.54 
2 CHAN Yu.--.:u"," r 45.36 45.36 
:;0 CHEUNI3 C •• i -w.ah 0 63.18 63.18 
4 CH::UNu J'":e-i-han 0 72.90 72.9 
~ CHIU r"ai-ywung (ABSENT> 
G CHUt-iG Stu-1A" G 34.02 34 .. 02 
7 HO Ckun-k"""";I H 27.54 27.54 
3 I~O Yule-Mu! r 45.36 45.36 
9 KAN Skuk-linQ D 61.55 61.5:5 
H~ LAU Slu-...ong G 43.74 43.74 
1 1 ~A!J Vl.a-fan 0 72.09 72.09 
lZ ~~::: Kwok-bun 0 70.47 70.47 
13 !...EE Shui-ku.n 0 72.0'3 72.09 
l" l:;:!"~~G s..u-l1n 0 70.47 70.47 
! ~i LIU V •• -lan E 52.6:5 :52.65 -, 
1 ":' .. LO HOi-yin H 27.lS4 27.lS4 
1:- LO t..a~ -chun r 4:5.36 45.36 
1~ •. , .- Siu-k .... n 0 63.18 63.18 
1':. I' . .. . Yuk-llr. D 72.90 72.9 
-:i) .':,',1 t ~.:li-chu.,g H 25.11 25.11 
::! i·to; Hau~'in H 17.82 17.82 
~..,. 
.. ~-:. ::;.: ~~l y,:-fono H 27.lS4 27.54 
:-: ~.:-.::-:- .,~,,,~:i -chun E ~3,46 53.46 
~'. ;:.~ ,s;:, l'.-ftH'! D 63.18 £.3.19 
~ .. .,. 1 ~~i .~-.: •• 0 72.90 72.9 -,. . .. 
.-
~ ... ,-':"l~-~urh 0 60.75 60.7'5 
~e '.·u·~:1-~,l.,i E ~4.27 ~4.27 
:.1 :'. ;·ZO 7=···-hua D 72.09 72.09 
Z';·. 'r: .. ·· .. :,;, ;·:-;.u-t.l 0 6B.8S £'8.85 
=~ .. .' ..;:;"'~. NO OF' STUDENTS . (X) GRADE ACC.NO 0:) 
..... ;;;- '='0 0 O.OOX 'A 0 0.007-
'-')- :::" 0 0.0070 B 0 O.OOX 
,.\.- 73 0 0.0070 C 0 0.007-
') / .. ,- 60 14 !lO.OOX 0 14 5O.00~ 
'::"1- !::) 3 10.717. E 17 60.71'7. 
. .-:-. ,- '.5 3 10.717. r 2" 71.4370 
"".,. ::'0 ~. 7. J 4Y. G 22 7B.S77( 
-
0) 6 21.437- H 29 100.007. 
• .. .: ... ,;:':': E; 11 (39.29X) 
.·:~··lf·.ntt 1 
lo ..... r limit i. inclusj 
..... -- ..... _ .... _--_._-------------------------------------------------------------
(3.->.) ;,~:'f TEP.t' ''';:SLl:..T' ~'l'~l?!lillUA <C>4/("~/2' 
• 
-----------------------..----------------------.._-----------------------.. --.--------- .. ----------------------------.. ----------
SUNG T£.lI'.! HIDDlE SCHOOL. SAl KUNG. H. K. (1997-99) 
CUSS J~ACIShCIII Il00 ... -. 
etA')!; ~EllAWI TtST IWIEI./ST 
110 ., rIlES:7 
. rASSll1S ~J:iII 
---_ .. _-.......... -----------------
-------------------------------110: LW rOIA!. AY(. (!'OS) Cl a !lA ss PH. Cl Cl! 
.. -.. __ ...... __ ........ __ . ------_ ... _----... _-----_ ..... _-.. .:_---_ .... _------------, ----------
I Of,~ i':1:' k''''~i m .1Ll1 (20) r r 8 r s r H 
2 ClIU: fit· "''1 ~4 53.35 (J!) D 6 E 0 r J E 
latEWi < ...... HI &5.44 ( 'I C E C H • C H ~ C!l!'lim y.,!: li ~ ~7 n,03 ( 3) C J C • t C 6 :5 CtDiL l~t-t'~;'1 62 .l1.2i (21) R • 
, tl".;I;S hi-lIlIog ~Ia 71.92 ( £) A C E r B A I 
7 HO h.-... m &0.03 (W A • • C H A H 
• lOkll YIII:-<,"", 564 78.35 ( U H C • J • 11 A 
, lvo:: CIII-.ilf ~ n.53 ( 2) • C I • E 8 C 10 tIIt1: Po-<I11111 ~ 70.74 ( 7) r C • E • r N 11 lAr r. ..... i/lf 391 ~.33 (In t c • c • • • 
.12 LAI r.~-yl.1 m 73.03 ( 5) 8 • t • • • 6 13 lA~ 'I1I,t-yfn1 S3{ 7~.14 ( 4) f t C E 
• . r e 14 LE( tbH •• ", 454 63.07 (101 r C r B & r R 
15 U V,i-\or.) 441 62.20 <12) t C E· E 11 t r 
J6 ~ So..,"';; Jt~t :r1~ 51.3' (19) A a K c 11 • • 17 fl.Io I.Hi", :104 n." ( 8) H I e • E H I 18 M~ U.H .. ~ m £1.43 (13) A D r r A I 
" ItJI tlt-lovt\l m 'M5 till r E E A r r E 
20 ~E~ ~i.·t''"G 432 5'," (15) H J E r B H it 
21 lEtm n.-hi 420 ~.2' tl6l • E [. N E 8 R 
-----~~-.----------- - .... ----------... ------ -_ ... _------.. -----... --
OVERALL:62.73(21/21) 
F'llE PENAF.YS: 
SUB TEACHERITSANS Chiu-wai 
1 Cr3A.l£'3 (11/22/33)1 GRADING - CI3A.IER 
SUB TEACHERITONG Kin-kwok 
:2 SN3A.IEG (28/03/85)1 GRADING - EN3A.IER 
3 MA2A.IE8 
SUB TEACHER,LEUNG Kam-chung 
(0~/04/86), GRADING - MA3A.IER 
4 SS::U· ... 1EG (30/03/85)1 GRADING - SS3A.IER 
SUB TEACHER,WONG Karn-ch~unQ 
5 PH3A.IEG (30/03/86) • GRADING - ~H3A.IER 
SUB TEACHER.TSANG Chiu-wai 
6 C!3A. lEG (11/22/33), GRADINO - CI3A.IER 
SUB TEACHER.~ Hon-kwong 
7 CM:lA. I E3 (30/03/86) , GRADING - CM3A.IER 
9 TV3A.IER (04/04/86), AVERGE F'ILE (TERM RESULT) 
10 TT31\.lER (04/04/96) , TOTAL. F'ILE <TERM RESUl n 
OBJECTIVES. 
1. To provide opportunity for the study of modern methods of information 
proces9inQ BO that students may und.rstAnd and apply th1. rapidly orowing 
technolooY· 
2. To acquaint students with the uses and limitations ~ computer&. 
3. To develop amonO students problem Balvlno skills through interaction with 
computers. 
4. To encourage an understanding of the implications 04 computers in the 
modern world. 
5. To prepare students who wish to 00 on to further studies in computRr 
science. 
TIME ALLOCATION • 
In accordance with the E.D. recommendation, 4 periods per week are allocated 
to the actual teaching of this subject at both F.4 And F.S. Since the student! 
are taking this subject as an extra subject in addition to the normal eioth 
subjects, these lessons take place After normal school. hours. Besid •• during 
the lessons, the stUdents have on average about one and a half hour of practic[ 
time at the computer room. 
TEACHING SCHEt>lJLE FOR F. 4 
Since it is de5i~able that gtudents can have more time to practice using 
each new command as they are being taught, Basic Programming should be started 
as early as possible. Moreover, the teaching is divided into tHO sections TrOt 
October onwards - half of the lessons are devoted to Ba5ic Programming and halo 
to basic computer theory. 
Hcnth 
Sept. 
Oc:t. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
Cont..,t 
Input -->process -->output concepts 
The Computer-
Simple Programming concepts 
FIDwch~rting ~ ncn-ca.puter problems 
Hardware of • typical .icrocomput.r .ystem 
BASIC PrOO,...-inO 
A. S.qu.ntial statement. 
Arithmetic: operatDr"5 
Variable/data 
B. Branch statements 
Relational/looic:al operators 
C. Loop Statement. 
D. Arrays 
E. Subroutines 
F. Functions 
G. Project 1 (to be handed in 
after Easter) 
H. SorUng 
t. Project Z (to be handed in 
befor. summer vacation) 
J. Filing Statements 
Coeoput_ ThllOt"V 
1.1 Calculating aids 
1.2 Mechanic:al stor.d proor .. 
devices 
1.3 Mechanical data 5torage 
devices 
1.4 The development of electronic 
computers 
3.2 Comput.r algorithas in flow-
chart form 
3.3 Conversion of simple 
flowcharts into BASIC 
3.4 Importance of flowchArting 
3.2 Computer algorith~9 in ~low­
chart form 
3.3 Conversion of simple 
flowcharts into BASIC 
3.4 Importance of flowcharting 
4.1 Pro~ram documentation 
4.1 Prooram documentation 
S.1 Coding in a non-computer 
cont~)(t 
5.2 Number Codes 
5.3 Repr •• antation of numerical 
infDr~ation in the computer 
5.4 Coding of information in the 
computer main store 
5.7 Backing store 
~ .. 
May 
June 
J. Filing Statements 
K. Project 3 (to be handed in 
after summer vAcation) 
6.1 Oat. Processing concepts 
6.2 Control of data 
5.5 Coding computer input 
5.6 Decodino computer output 
6.3 Electronic data proe ••• ing 
Teaching Schedule for F.S 
Sept. Project 4 (to be handed in after X·mas vacation) 
7.1 Batch processing 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
7.2 Real time processing 
7.3 Information Retrieval 
7.4 Ded;cated computers 
7.5 Computers and peopl. 
Project 4 
B.l Central Processing Unit (CPU) 
B.2 Machine Code 
B.3 Program execution 
8.4 Languages 
Project 4 
Review and discussion of the projects submitted by student •• 
Modification and upgrading of projects if applicable. Student. 
should be able to learn much from studying each ether·s project. 
Data Processing 
Input/output, codino and the storage of information 
Computers in the Modern World 
Revision 
revised 11/1987 
HKP/~~TH/MSC 
23204 PROGRAMMING AND COMPUTER ORGANISATION I 
INTRODUCTORY NOTE 
The objective of this course is to introduce to the students the 
concept of the stored-program computer, followed by a detailed study of a 
high-level programming language, PASCAL. 
At the end of this course, students will be able to use the high level 
language in statistical and numerical applications. 
PRE-REOUISITE 
Nil. 
UNIT VALUE and DURATION 
1 unit; 60 hours (45 hours lecture, 15 hours tutorial) 
SYLLABUS 
Cl-l Concept of a Stored-Program Computer (10 hours) 
Basic parts of a computer; input/output, control, storage, arithmetic and 
logical units. Elementary concepts of auxiliary storage unit. 
Cl-2 High-level Language (40 hours) 
Introduction to PASCAL. Use of flow charts, syntax diagrams. Elements of 
problem analysis; construction and testing of algorithms. Data vetting 
and techniques for program recovery following detection of input data 
errors. 
Structured programming in PASCAL, procedures and functions. The scope of 
identifiers, global variables, scalar types and subrange types. 
Structured data types, arrays, records, files sets and compound 
structures. 
23204 (2) 
Cl-3 Systems Software Concept (10 hours) 
Introduction to operating system, multi-tasking/time sharing operating 
system, loader, assembler, interpreter, and compiler. Use of 
applications packages, library routines and published algorithms. 
ASSESSMENT 
Examination 70% 
Continuous assessment 30% 
Total 100% 
BIBLIOGRAPHY 
Essential 
Findlay, W, 
Watt, D.A. 
Supplementary 
Graham, N. 
Manual on PASCAL 
PASCAL. An Introduction to 
Methodical Programming, 3rd Ed. 
Introduction to PASCAL 
Pitman 
1985 
West 
1984 
revised 11/1987 
HKP/MATHjMSC 
23205 PROGRAMMING AND COMPUTER ORGANISATION 11 
INTRODUCTORY NOTE 
The objective of this course is to give a functional understanding 
of how a computer works and interfaces to external devices. A bottom 
up approach is taken starting from the primitive devices used in the 
construction of the various subsystems which are then used to build the 
final computer system. 
PRE-REOUISITE 
23204 PROGRAMMING AND COMPUTER ORGANISATION I 
UNIT VALUE and DURATION 
1 unit; 60 hours (45 hours lecture, 15 hours tutorial) 
SYLLABUS 
C2-l Representation and Storage of Data (12 hours) 
The computer's memory, computer words, contents and interpretation. 
Representation and manipulation of information, boolean, numeric, ASCII 
Codes. Code conversion. Number bases and conversion. 
Sign-and-modulus and two's complement 
Logical operations and truth tables. 
manipulation. 
notation, arithmetic operations. 
Floating-point numbers and 
C2-2 Concepts of Computer Organisation (20 hours) 
Primitive devices; gates, flip-flops, wires, buses, registers, 
multiplexers. Arithmetic and logical unit; accumulator, complement, 
increment, adder, test for zero. Memory; address selection, read 
invite, RAM/ROM. Control unit; instruction register, data register, 
fetch/execute sequence. Clock. Microprograrnrning. 
23205 (2) 
C2·3 Peripheral Communications (14 hours) 
Interfacing concepts; buffers, flags, control and data highways, 
input/output devices. A·D and D·A converters. Program controlled I/O, 
subroutine and stack mechanism. Direct Memory Access. Event 
controlled I/O, interrupt handling, priorities, skip chain. 
Multiprogramming and distributed computer systems. 
C2·4 FORTRAN Programming (14 hours) 
Recursion and its uses. Programming techniques for sorting, searching 
and merging. 
Readability and style. Validation techniques. User friendliness. 
Modularity and module communication. 
ASSESSMENT 
Examination 70% 
Continuous Assessment 30% 
Total 100% 
BIBLIOGRAPHY 
Essential 
Gear, C.W. 
Supplementary 
Bartee, T.C. 
Computer Organization and 
Programming, 4th Ed. 
Digital Computer Fundamentals, 
6th Ed. 
McGraw Hill 
1985 
McGraw Hill 
1985 
revised 11/1987 
HKP/MATH/MSC 
23206 MICROCOMPUTERS AND APPLICATIONS 
INTRODUCTORY NOTE 
The objective of this course is to familiarise the students with 
popular and updated microcomputer application software. The course is 
practically orientated with 50% hands-on supervision. 
The course also develops student's ability to use word processing and 
graphic facilities in preparing project reports and other documents. 
PRE-REOUISITE 
23204 PROGRAMMING AND COMPUTER ORGANISATION I 
UNIT VALUE and DURATION 
1/2 unit; 30 hours (15 hours lecture, 15 hours practical) 
SYLLABUS 
C3-l Introduction (6 hours) 
Evolution of microcomputer technology and functional characteristics. 
Introduction to the microcomputer;· familiarity with keyboard and screen 
editing; floppy disk media; menu driven interface; user friendliness; 
turnkey systems; taking a "back-up"; DOS commands; use of popular 
integrated applications softwares. 
C3-2 Spreadsheet (6 hours) 
Spreadsheet fundamentals for tabular manipulation; typical applications; 
survey and demonstrations. 
C3-3 ~ord Processing (6 hours) 
~ord processing fundamentals for textual manipulation; practice using a 
word processing package;. survey and demonstrations. Integrated systems; 
survey. 
23206 (2) 
C3-4 Database Systems (6 hours) 
The database approach for record manipulation; data management systems; 
survey and demonstrations. 
C3-5 Graphics (6 hours) 
Statistical graphics; use of graph plotter and graphics printer. 
ASSESSMENT 
Examination 50% 
Continuous assessment 50% 
Total 100% 
BIBLIOGRAPHY 
Essential 
The Lotus Guide to Symphony Command Language 
Programming Techniques 
Supplementary 
Reference manual on Symphony 
Addison-Wes1ey 
1985 
Lotus 
1984 
revised 11/1987 
HKP/MATH/MSC 
23313 INTRODUCTION TO INFORMATION PROCESSING 
INTRODUCTORY NOTE 
This course consists of two major aspects of information 
processing. Students will be exposed to both theory and practice on these 
aspects of commercial computing. 
PRE·REOUISITES 
23204 
23206 
PROGRAMMING AND COMPUTER ORGANISATION I 
MICROCOMPUTERS AND APPLICATIONS 
UNIT VALUE and DURATION 
1 unit; 60 hours (45 hours lecture, 15 hours tutorial) 
SYLLABUS 
C4·l Introduction to COBOL Programming (22 hours) 
Program syntax and structure. 
Validity checking : Record manipulation and application to statistical 
survey. 
Table handling, sorting and merging. 
Sequential file and index file. 
Documentation and maintenance. 
C4·2 Introduction to 4GL 
Concept of 4GLs. Demonstration and use of Powerhouse package. 
C4·3 Database Concepts (16 hours) 
Data Base Management System (DBMS), role of data base administrator, data 
base models, including relational database model, evaluation and selection 
of data base systems. 
23313 (2) 
C4-4 Introduction to Systems Analysis and Design (10 hours) 
Systems analysis concepts. The systems life cycle. Structured 
methodologies e.g. SSADM. System investigation techniques. Systems 
design concepts; input, output, file and procedure design. Justification 
and implementation. 
C4-S Simple Project (8 hours) 
Small project or case study relating COBOL, database and/or system 
analysis and design. 
ASSESSMENT 
Examination 60% 
Continuous assessment 40% 
Total 100% 
BIBLIOGRAPHX 
Essential 
Popkin, G.S. 
Date, C.J. 
Supplementary 
Yeates, D. 
Daniels, A., 
Yeates, D. 
Comprehensive Structured COBOL, 
2nd edition 
An Introduction to Database System, 
4th edition 
Basic Systems Analysis 
Practical Systems Design 
Kent 
1986 
Addison-loIesley 
1986 
Pitman 
1984 
Pitman 
1984 
revised 11/1987 
HKP /MATH/MSC 
23314 INTRODUCTION TO SYSTEMS SOFTWARE 
INTRODUCTORY NOTE 
The aim of this course is to provide the students with a comprehensive 
knowledge of the internal computer operation and the interface between hardwar 
and software. 
PRE-REOUISITES 
23204, 5 PROGRAMMING AND COMPUTER ORGANISATION I, 11 
UNIT VALUE and DURATION 
1 unit; 60 hours (45 hours lecture, 15 hours tutorial) 
SYLLABUS 
CS-l Assembly Language Programming (30 hours) 
Basic computer structure, addressing modes. Machine level instructions, 
input/output/file operations. Programming techniques; reentrancy and 
recursion. Linkage with high level languages. 
CS-2 Operating Systems and Systems Software (30 hours) 
CPU/storage/device management. Deadlock problems and solution. 
Case study on UNIX System. Design goals, process control. I/O system. File 
system and shell. 
Basic functions and machine-dependent/independent features of loaders, linkers 
assemblers and compilers. 
23314 (2) 
ASSESSMENT 
Examination 70% 
Continuous assessment 30% 
Total 100% 
BIBLIOGRAPHY 
Essential 
Levy, H.M., 
Eckhouse, R.H., Jr. 
Supplementary 
Deitel, M. 
Beck, L. 
Computer Programming and 
Architecture, The VAX-II 
An Introduction to Operating 
Systems 
System Software: an introduction 
to systems programming 
Digital Press 
1980 
Addison-Wes1ey 
1984 
Addison·Wes1ey 
1985 
revised 11/1987 
HKP/MATH/MSC 
23423 FUNDAMENTALS OF DATA COMMUNICATIONS 
INTRODUCTORY NOTE 
The objective of this course is to provide the student with 
fundamentals of data communications and networking, a subject of 
increasing importance. 
In teaching this subject, the background of the students should be 
noted in order to avoid unnecessary technicality in engineering knowledge. 
PRE-REOUISITE 
23204 PROGRAMMING AND COMPUTER ORGANISATION I 
UNIT VALUE AND DURATION 
1 unit; 60 hours (45 hours lecture, 15 hours tutorial) 
SYLLABUS 
C6-1 Data Communications (30 hours) 
Data transmission, synchronisation, error detecting methods. Link-level 
protocols, error control, flow control, link management. The electrical 
interface, transmission media, signal types, physical level protocols. 
Terminal based networks, terminal characteristics, character-mode 
networks, block-mode networks, terminal network protocols. 
C6-2 Computer Networks (30 hours) 
Computer-to-computer protocols, the ISO reference model. Public data 
networks, packet-switching, circuit-switching and facilities available in 
Hong Kong. Local area networks, LAN characteristics, protocols. Digital 
PABX's. Applications in the office environment. 
23423 (2) 
ASSESSMENT 
Examination 70% 
Continuous Assessment 30% 
Total 100% 
BIBLIOGRAPHY 
Essential 
Halsall. F. Introduction to Data 
Communications & computer networks 
Addition I<esley 
1985 
revised 11/1987 
HKP/MATH/MSC 
23424 ADVANCED PROG~~~ING PROJECT 
I~~ODUCTORY NOTE 
This course is of practical nature. Students are required to 
complete programming projects on specified topics integrating materials 
from previous courses. 
PRE-REOUISITES 
23313 
23314 
23423 
INTRODUCTION TO INFORMATION PROCESSING 
INTRODUCTION TO SYSTEMS SOFTY~ 
FUNDAMENTALS OF DATA COMMUNICATIONS 
UNIT VALUE AND DURATION 
1 unit; 60 hours (Seminar and Project) 
SYLLABUS 
C7-1 Seminar (20 hours) 
Seminar or research activities on general concepts of software 
engineering. 
C7-2 Programming Project (40 hours) 
Writing of one large program or several shorter programs representing a 
total of approximately 40 hours of programming time. 
In this programming project, the students are expected to demonstrate 
their knowledge of some of the following aspects of programming: 
1. Software design; 
2. Program verification and validation; 
3. User interface consideration; 
4. Software documentation; 
5. Software maintenance. 
ASSESSMENT 
Continuous assessment 100% 
BIBLIOGRAPHY 
(As specified by Lecturers) 
APPENDIX C 
HOtlG I~CNC POL"'!':'ECHN:C 
Depo=tm~nt ~f Mntbomntic~l Studien 
Class : 
1. SC~t ~ M~le I <'cmllle 
~ I i Below 20 ~
0 20 - :?l 
0 22 - 23 
0 24 or above 
3. How much do you thin!~ you kno", about computer? 
0 nothing 
0 a little 
0 a few 
0 fair 
0 ~lell 
0 very well 
4. Have you ever u~cdll computer or un ite!1l that io controlled 
by computer? 
OYes 
o Ne 
5. What i:lc·Jantage( (;) do you think :l computer has 
o fast in Gpeecl 
o accu::-nte in cnlcul.:::tion 
o cnn zolve problemo fcr yeu 
o ea.cy to uze 
o rJo need to t.:tke c.:!rc CIf 
.. . /2 
- 2 -
5. ;,n o:::dina:::y person h<:c LO. ar':lUnd 100. I'That LO. score 
you would give <:0 a computer:! 
7. What things you would like to be processed by computer? 
8. N~c 5 computer languages, cpell them in full if you can. 
9. Name 5 computer manfatu:::es in full name, give 1 computer 
model for each manufacturer if you can •. 
APPENDIX D 
Topic Error 
Keywords 
Mantissa, truncation error, rounding error, absolute error, 
relative error, percentage error, propagation of errors. 
Objectives 
After working through this section, you should be able to 
(i) identify what error, in general, may occur when 
calculating machines are applied on numerical data 
(ii) find the maximum propagation absolute error, relative 
error and percentage error when addition, subtraction, 
multiplication and division are operated on approximated 
values 
2 
Learnino activity 
1. Introduction 
Before we talk about errors, it is better to understand the 
representation of numbers inside a computer or calculator. 
Numbers are usually represented as 
L--..J 
sign exponent mantissa 
The number could be stored in binary form, hexadecimal 
form, or packed decimal form. The way numbers are stored 
depends purely on the design of the computer or calculator, 
we are not going to discuss them in detail, interested 
readers may find these materials in most elementary 
numerical text books. However, no matter what sort of 
system is used, all stored numbers have to have finite 
number of digits. Some may have 8 digits, some may have 11 
digits, some may have 16 or more. Anyway, as long as only 
finite number of digits is possible, error is expected to 
occur in representing some numerical values. For example, 
irrational numbers, such as n, some fractions, such as 
1/3, cannot be expressed in finite number of digits. 
There are many possible sources of errors, and errors 
obviously affect the accuracy of the solution of a 
particular problem. If we know that there is error in our 
solution, no matter how large it is, we may alert it and at 
most discard the solution. But the worst thing is that we 
do not know that has error and accept the garbage. 
When manipulation of data is needed, error is possible to 
occur. In general, errors can be induced in three ways 
( i ) 
( i i ) 
( i i i ) 
Errors due to nature of data and data transfer. 
Errors due to truncation and rounding. 
Errors due to inappropriate interpretation of 
formulas. 
We are going to discuss them in detail. 
3 
2. Errors Due to the Nature of Data and Data Transfer 
Some obtained data may have error caused by uncertainty in 
measurements, accuracy of instruments, or factors affected 
by uncontrollable environment. Errors of these types 
cannot be corrected because data may come from experiments 
or observations. What could possibly be done is to analyse 
the obtained data using statistical techniques to identify 
the errors, or to repeat the experiment or observation if 
possible, hoping that errors can be averaged out. 
In the case when data are needed to be transferred, copied 
or keyed in, many devices, such as mark sense card, 
magnetic or optics sensor, bar codes, have been developed 
to reduce the possibility of making errors. If data must 
be punched in by operators, other than double checking, two 
persons can be used to input the same data, and signals are 
given if the two inputs do not match. In numerical data, 
they can also be validated by applying range check, 
consistency check, or check digit to minimize the chance of 
getti ng error. 
(3) Error Due to Truncation and Rounding 
By the first principle of calculus, it is given that 
~ 1im f(x+h) - fIx) 
dx = h~O h 
In theory, the value of h has to approach to zero. If we 
apply this formula numerically, then the smaller value in h 
we use, the better approximation the derivative it should 
be. Let us look at the following example :-
Let fIx) implies f' ( x ) = x-1 eX XZ . 
For x = 20, f'(x) = 23045346.78 
Using the first principle of calculus 
f'(20) = 
Let h = 
h = 
h = 
h = 
h = 
h = 
• 1 
e 20+h 
20+h 
.001 
.0001 
.00001 
.000001 
h 
, 
, 
.0000001 ; 
e 20 
20 
f' (20) = 24178827.40 
f' (20) = 23056330.00 
f' (20) = 23046500.00 
f' (20) = 23046000.00 
f' (20) = 23050000.00 
f' (20) = 23000000.00 
4 
The above calculation performed on an 10-digit calculator 
(HP-41C). It can be seen that the result gets better at 
first, but as h is getting too small, the result gets worse 
and worse. This is due to the fact that when h is getting 
too small, e20 +h and eZO are very close to each other, 
their difference, which may not be very exact, is divided 
by a very small number h, this magnifies the error even 
more. (More details concerning error in subtraction shall 
be discussed later.) Of course, how serious the error 
would be depends on what kind of machine you use, but the 
function itself also plays an important role too. 
Let us look at two more examples to demonstrate the 
of truncation and rounding errors that may occur by 
computer. 
The first example is to sum l/N N times for N=lOO. 
obvious that the result should be 1. However, using 
precision, the computer gives 0.999999 (Appendix I). 
correct result can only be obtained by using double 
precision (Appendix 11). 
effect 
It is 
single 
The 
The second example uses the computer to solve a 
linear simultaneous equations by Cramer's rule. 
system has two equations and two unknowns: 
system of 
The given 
0.203BX + 0.121BY = 0.2014 
0.4071X + 0.2436Y = 0.4038 
It can easily be verified that the solution set is X = -2 
and Y = 5. A program is written to solve this particular 
problem. It is as expected that the exact result cannot be 
obtained by using single precision (Appendix Ill). However 
it only improves a bit by using double precision (Appendix 
IV). But if we modify the system by multiplying the two 
equations by 10000 (we should still obtain the identical 
property and have the same solution set) and then solve it 
again, surprisingly, it gives the exact solution even 
though only single precision is used (Appendix V). 
As the conclusion, rounding error and truncation error can 
affect the results no matter how simple the calculation 
is. Errors can be minimized if we can avoid subtracting 
two numbers that are very close in magnitude from each 
other, avoi~ adding two numbers that are too far in 
magnitude from each other, and use integral numbers 
whenever possible. Last, but most important, apply the 
theories to support your answers. 
5 
4. Error Due to Inappropriate Interpretation of Formulas 
This type of error depends very much on the nature of the 
problem itself, hence it is not possible to bring out all 
the problems in question. However, some examples are given 
as guidelines. 
In doing problems such as probability, it may come across 
the factorials, such as, the combination of n objects, 
taken r at a time, is given by nCr = n. • If we 
r!(n-r)! 
eval uate all the factori al s fi rst, then perform the 
multiplication and division, as the way the formula stated, 
for large n, we may overflow a machine easily, because if 
n>69, n:>1099, which exceeds the limit of the magnitude 
that most calculators can hold. . 
An example is given in Appendix VI, which applies the 
formula directly and obtains an overflow message in trying 
to evaluate 34C3. However, if the formula is rewritten as 
nCr =!!.. (n -1) (n - 2) 
r (r-l)'(r-z) (n-r+l) 1 
the correct value 5984 can then be obtained (Appendix VII). 
Other then the overflow problem, we may sometimes get a 
slight rounding error due to considerably large number of 
multiplications. For example, the correct answer of 38C19 
is 35,345,263,800. However, if we apply the fsrmula by 
using a calculator, we may get 3.5345263 x 10 or at most 
35,345,263,810. Therefore, in performing calculations of 
this nature, we should rearrange the terms so that some 
numbers can cancel one another in order to eliminate errors 
as far as possible. 
We have mentioned that we should avoid adding a very small 
number to a very large number. However in evaluating 
functions defined by convergent infinite series, such as 
sin x or log x, we always confront two problems. 
Firstly, we know that it is not possible to add infinitely 
many terms of an infinite series, we can only compute the 
nth partial sum, hence only the approximation of the 
infinite series can be found which bound to have truncation 
error. Secondly, by the necessary condition of a 
convergent infinite series, the limit of the nth term of 
the series, as n approaches to infinity, has to be zero. 
6 
That is to say, in evaluating an infinite series, we would, 
eventually, be. adding a very very small number (approaching 
zero) to a comparatively large number. In this case, no 
matter how many more terms we have added, the result would 
not be improved. For example, 
s. 1: 1 
n=O 4n 
= 1 + i + 1 + 10 1 + 04 1 EO + . . . . 
when n = 10, the sum of first 10 terms becomes 1.333332062 
and the 11th term, :+u z 0.0000009536743164, and most of 
4 
the significant figures would not be added into it. One 
way to minimize this kind of error is by summing the 
infinite series backwards, that is, adding the small terms 
first. But the drawback of this method is that the number 
of terms to be added in order to produce the best result 
have to be tested and be determined before this method can 
be applied. However, if the characteristics of the 
infinite series can be found by some known theorems, such 
as the theorem by Leibnitz*, the number of terms to be used 
can be pre-determined. 
For example, the infinite series 
1 S .. 1 - i + i - ~ + TO - ••• 
if we want to evaluate S correct to 3 decimal places, 
because:tu is less than .001, therefore we can compute 
2 S by summing 10 terms backwards. 
Moreover, many functions or transcendental numbers can be 
interpreted by more than one infinite series. Of these 
infinite series, some converge very nicely, but some do 
not. If possible, choose a well behave infinite series to 
work with so as to reduce errors. For example, 
1 1 1 1 * = 1 - 1 + ~ - 7 + ~ - ••••• 
To calculate ~/4 correct to 6 decimal places using this 
series, it would need more than 1,000,000 terms. With this 
large amount of computation, the round-off error in the 
calculation itself is probably much larger. Another series 
to compute ~ is therefore much desired. 
7 
Another example concerning the rearranging of formulas to 
reduce the possibility of computational error is given as 
follow. Sometimes in function evaluation we would be 
involved in calculating high power polynomials, such as 
P(x) = 12x6 + 10x5 + 8x 4 + 6x3 + 4x2 + 2x + 1 
For large values of x, if we evaluate P(x) from left to 
right, probably the last few terms would not be added into 
it because they may be comparatively too small. A 
factorization method, called the Horner's rule, can 
rearrange a polynomial into a way that not only the error 
mentioned above can be minimized, it also reduces the 
number of calculations involved. The method is to take out 
the higher powers of x one by one and rewrite P(x) as 
P(x) = ««(12x + 10)x + S)x + 6)x + 4)x + 2)x + 1. 
Let us demonstrate the errors with one more simple 
example. Use an electronic calculator (lO-digit 
calculator) to do the following two problems, summing 
accordingly from left to right: 
(a) 1 + 10-10 + 10-10 + 10- 10 + 10-10 + 10-10 + 10-10 
+ 10-10 + 10- 10 + 10-10 + 10-10 
(b) 10-10 + 10-10 + 10-10 + 10-10 + 10-10 + 10- 10 
+ 10-10 + 10-10 + 10-10 + 10-10 + 1 
You should get the answer 1.000000000 in (a) and 
1.000000001 in (b). The reason of getting an incorrect 
answer in (a) is that when 10-10 is added to 1, it is too 
small and is truncated. The rearrangement in (b) provides 
a correct result. 
In conclusion, as we mentioned before, the way of 
rearranging a formula to reduce computational errors 
depends very much on~ the particular characteristics and 
nature of the problems themselves. We have no intention, 
and also not possible, to exhaust them all. Readers ~ould 
identify how to rewrite a formula to reduce computational 
errors of a particular problem by experience. 
APPENDIX I 
SUMERROR1 6-FEB-1986 10:52 
1 ! 
2! 
10! 
SUMERROR1 
VAX 11/7501 VAX-11 BASIC V2.3 
BY GLORY PONG 
11! **PROGRAM DEMONSTRATES ROUNDING ERROR 
12! **SUMMING (1/N) N TIMES 
13! **USING SINGLE PRECISION 
lOO! 
101! **DECLARE SINGLE PRECISION 
110 DECLARE SINGLE SUM 
120 DECLARE INTEGER CONSTANT N=100 
140 SIJM = O. 
ZOO! 
201! **LOOP TO SUM (1IN) 
Z10 FOR I = 1 TO N 
220 SUM = SUM + 1. I N 
230 NEXT I 
400! 
401! **PRINT RESIJL T 
410 PRINT "SIJMMING (l/N) IS EG!UAL TO"ISUM 
999 END 
Re ... dy 
RUN 
o:UMEF:RORl e.-FEB-1986 10:53 
SUMM ING (11N) I S EQUAL TO .999999 
Re Ad-,.. 
APPENDIX II 
SUMERROR2 6-FEB-19E:1.:- 10:55 
1 ! SI.IMERROR2 
2! VAX 11/750: VAX-ll BASIC V2.3 
3! BY GLORY PONG 
10! 
11! **PROGRAM DEMONSTRATES ROUNDING ERROR 
12! **SUMMING (l/N) N TIMES 
13! **USING DOUBLE PRECISION 
lOO! 
101! **DECLARE DOUBLE PRECISION 
110 DECLARE DOUBLE SUM 
120 DECLARE INTEGER CONSTANT N=100 
140 SUM = O. 
200! 
201! **LOOP TO SUM (l/N) 
210 FOR I = 1 TO N 
220 SLIM = SUM + 1. I N 
230 NEXT I 
4(1"! 
401! **PRINT RESULT 
410 PRINT "SUMMING <1/N) IS EQUAL TO":SLlM 
999 END 
Ready 
RLlN 
SUMERROR2 6-FEB-1986 10:55 
~;IJMt1 I NG (1IN) IS EG!UAL TO 1 
Re ... dy 
APPENDIX II I 
CRAMERRl 6-FEB-1996 10:57 
CRAMERRl 1 ! 
2! 
3! 
VAX 11/750; VAX-l1 BASIC V2.3 
BY GLORY F'ONG 
10! 
11! **PROGRAM DEMONSTRATES ROLINDING ERROR 
12! **TO S:OLVE THE FOLLOWING SIMLILTANEOLI:" EQUATIONS BY 
13 ! **CRAMER' S RULE : 
14! ** 0.2038X + O.1218Y = 0.2014 
15! ** 0.4071X + 0.2436Y = 0.4038 
16! **THE EXACT SOLLITION SHOULD BE X=-2; Y=5 
lOO! 
101! **DEFINE VARIABLES 
110 DECLARE SINGLE A.S,C 
120 DECLARE SINGLE D,E.F 
130 DECLARE SINGLE X.Y 
200! 
201! **ASSIGN VALUES 
210 A = 0.2038 
220 B = 0.1218 
230 C = 0.2014 
240 D = 0.4071 
250 E = 0.2436, 
260 F = 0.4038 
300' 
301 ! 
310 X = 
320 Y = 
400! 
401 ' 
**THE CRAMER'S RULE 
(C*E - B*F) / (A*E - B*D) 
(A*F - C*D) / (A*E - 8*D) 
410 PRINT 
999 END 
Readf 
RUN 
CRAMERRI 
*"'PRINT THE RESULT 
'X = ~;X,'Y = '; y 
6-FEB-19:;:':, 10: 57 
X = -2.00012 Y = 5.00031 
Re ady 
APPENDIX IV 
CRAMERR2 to-FEB-1986 10:58 
1 ! 
.." 
~. 
3! 
10! 
11 ! 
12! 
13! 
14! 
lS! 
CRAMERRZ 
VAX 11/7~OI VAX-11 BASIC 
BY GLORY PONG 
**PROGRAM DEMONSTRATES ROUNDING ERROR 
**TO SOLVE THE FOLLOWING SIMULTANEOIJS 
**CRAMER'S RULE I 
** 0.2038X + 
** 0.4071X + 
0.2014 
0.4038 
EQUATIONS BY 
16! **THE EXACT SOLUTION 
0.1218Y = 
0.Z436Y = 
SHOllLD BE X=-Z; Y=5 
lOO! 
101! **DEFINE VARIABLES 
110 DECLARE DOUBLE A,B.C 
120 DECLARE DOUBLE D,E,F 
130 DECLARE DOUBLE X.Y 
200! 
201 ! 
210 A = 
220 B = 
230 C = 
240 D = 
250 E = 
260 F = 
300! 
301 ! 
310 X = 
320 Y = 
400! 
401 ! 
**ASSIGN 
0.2038 
0.1218 
0.2014 
0.4071 
0.Z436 
0.4038 
VALllES 
**'THE CRAMER'$ RULE 
(C*E - B*FI / (A*E - B*D) 
(A*F - C*D) / (A*E - B*D) 
410 PRINT 
999 END 
**PRINT THE RESULT 
'X = ';X,'Y = ~;y 
RUN 
CRAMERR2 6-FEB-I9:::~. 10: 59 
X = -2.00006 Y = 5.0001 
Ready 
APPENDIX V 
CRAMERR4 6-FE8-1986 11:03 
CRAMERR2 
VAX 11/750; VAX-l1 BASIC 
BY GLORY PONG 
V2.3 
.. ,"'PROGRAM DEMONSTRATES ROUNDING ERRCIR 
"''''TO SOLVE THE FOLLOWING SIMUL TANEOU::; 
**CRAMER'S RULE: 
** 0.2038X + 0.1218Y = 0.2014 
** 0.4071X + 0.2436Y = 0.4038 
**THE EXACT SOLUTION SHOULD BE X=-2; 
EQllA TI ONS BY 
Y=5 
1 ! 
2! 
3! 
10! 
11 ! 
12! 
13 ! 
14! 
15! 
H! 
20! 
21! 
22! 
lOO! 
**THE TWO EQllATIONS ARE MI.lL TIPLIED BY 10000 
**THE SOLUTION SET IS THE SAt1E 
101! ","'DEFINE 
110 DECLARE SINGLE 
120 DECLARE SINGLE 
130 DECLARE SINGLE 
VARIABLES 
A,B,C 
D,E,F 
X,V 
200! 
201 ! 
210 A=2038 
220 B=1218 
230 C=2014 
240 D=4071 
250 E=243~. 
260 F=403::: 
300! 
**ASSIGN VALUES 
301 ! 
310 X = 
320 Y = 
400! 
**THE CRAMER'S RULE 
(C*E - B*F) / (A*E - B*D) 
(A*F - C*D) / (A*E - 8*D) 
401 ! 
410 PRINT 
999 END 
RUN 
CRAMERR4 
x = -2 
Re ~.df 
*"'PRINT THE RESULT 
:ox = :O;X,'V = ';Y 
6-FEB-1986 11:1)4 
Y = .,. 
-' 
APPENDIX VI 
BINOMCOl b-FEB-198b 11:18 
I! BIN(IMCOI 
2! VAX 11/7501 VAX-ll BASIC V2.3 
3! BY GLORY PONG 
10! 
11! "''''PROGRAM FINDS BINOMIAL COEFFICIENT 
12! "''''BY EVALUATING ALL THE FACTORIALS FIRST 
lOO! 
101! "''''DEFINE VARIABLES 
110 DECLARE INTEGER BOUND,N,R 
120 DECLARE REAL FACT.NFACT.RFACT 
14r)! 
141! "''''INPUT VALUES 
150 INPUT 
ll:oO INPUT 
200! 
'PLEASE GIVE THE VALUE OF N', N 
'PLEASE GIVE THE VALLIE OF R', R 
201 ! 
210 BOUND 
220 GOSUB 
230 NFACT 
300! 
301 ! 
310 BOUND 
320 GOSLIB 
330 RFACT 
400! 
401 ! 
410 BCIIJND 
420 GCrSUB 
500! 
"''''EVALUATE 
= N 
1000 
= FACT 
"''''EVALUATE 
= R 
1000 
= FACT 
"''''EVALUATE 
= N - R 
1000 
N FACTORIAL 
R FACTORIAL 
(N-R) FACTORIAL 
SOl! "''''CALCULATE THE COEFFICIENT 
510 COEF = NFACT 1 (RFACT '" FACT) 
bOO! 
601! "'*PRINT THE COEFFICIENT, 
610 PRINT 'THE COEFFICIENT IS ';COEF 
620 PRINT 
'?99 GOTO 150 
lOOO! 
100I! **SUBROUTINE TO EVALUATE FACTORIAL 
1010 FACT = 1 
1 020 I F BOUND < 2 THEN RETURN 
1030 FCrR I = 2 TO BOUND 
1(140 FACT = FACT'" I 
1050 NEXT I 
1060 RETURN 
1070! 
9999 END 
Re ~,d.,. 
RUN 
BINOMCOl 6-FEB-198b 11:19 
PLEASE GIVE THE VALUE OF N ? 34 
PLEASE GIVE THE VALUE OF R ? 3 
XBAS-F-FLOPOIERR. Flo~tini point error or overflow 
-BAS-I-USEPC_PSL, al user PC=001481BO, PSL=03C00020 
-BAS-I-FROLING:"B, from line 1040 in GOSUB 1000 in module BINOMCOl 
-BAS-I-FROLINMOD, from line 220 in module BINOMCOl 
-SYSTEM-F-FLTOVF_F, arithmetic fault, floalini overflow ~I PC=0005B9: 
APPENDIX VII 
BINOMC02 6-FEB-198e. 11: 22 
BINOMC02 
VAX 11/750; VAX-11 BASIC 
BY GLORY PONG 
V2.3 
1 ! 
2! 
3! 
10! 
11 ! 
12! 
**PROGRAM FINDS BINOMIAL COEFFICIENT 
**BY THE MODIFIED FORMULA 
lOO! 
101! **DEFINE VARIABLES 
110 DECLARE INTEGER N,R 
120 DECLARE REAL COEF 
140! 
141! 
150 INPUT 
160 INPLlT 
200! 
**INPLIT VALUES 
'PLEASE GIVE THE 
'PLEASE GIVE THE 
VALUE OF N', N 
VALUE OF R', R 
201! **EVALLlATE THE C:OEFFICIENT 
205 COEF = 1 
210 IF R = 0 THEN 300 
220 FOR I = 0 TO R - 1 
230 COEF = COEF * (N - Il / (R- Il 
240 NEXT I 
300! 
301! **PRINT THE COEFFICIENT 
310 PRINT 'THE COEFFICIENT IS 'lCOEf: 
320 PRINT 
330! 
9999 END 
Re~.d.,. 
RLIN 
BINOMC02 c.-FEB-1986 11: 22 
PLEASE GIVE THE VALUE OF N ? 34 
PLEA~;E GIVE THE VALUE OF R ?:> 
THE COEFFICIENT IS 5984 
Ready 
Print of lc,;son HELLO 
g:v;es 
d:m..r:C.:;O) 
d:nl$(S) 
d,et·(12) 
d:n2$(2) 
ts:d;tl 
t~:gl(;.7 
·t.~W~lcom~ to Lessons on 
"l::=: ~;2; t 1 ~ s::~ '/ 14-
t:Numu~ical An~lysis 
5:15,50;12,50;8,50;15,50;12,50;8,50 
s:13,50;17,70;13,90;17,110;15,150 
w:4 
ts:sl;tl 
t,r am the Apple comput~r. 
t: 
t:We c~mnlunic~te through the screen 
:and the keyboard. 
t: 
t: Be sun' to hi t -the F~ETUr,N key every 
:time after you finish typing. 
t: 
t:Let's get b~ttcr a~quainted fjr~t. 
*name 
1:..5:90 ,1::-
th: ~Jh2.:.t i s ~'c'Ltr n~mE'? 
a:$m$ 
j (lEfi (,ll:t)~O) :f1.:.\nH~ 
r:~********~********** 
f"':·!f. L.if"!I:: '!"(J Er-r'C'I~" .~. 
r':~'~*~~~~*~*»~******~* 
1. ~ ,~~t-r'C!r' 
• 
Print of l~s$on ERROR 
prole 
g:v;€~:'s 
ts:tl;51 
c:/m::l: c 
*:;tar·t 
g:v3,39,4,23 
t:Hi! :tm:t 
t. : 
t:This le~50n talks about errorQ thnt 
:may be occurred in Num'2rical Analysis. 
t: 
t: It should take you about 30 minute", 
~to complete this l~s~on. 
t: 
t,At any time if you want to study the 
:previous topic again, please type @. 
t, 
t,Are you ready to start? 
u:pta 
9: v 18 , 39 , 1. ,2 
t, En-or 
g,m244,498 
g:d329,498;d329,466;d244,466;d244,498 
g:v3,39,4,23 
t:BeforE! we look into how errors WOL\ld 
obe occurred, it is better to 
:und2rstand the representation of 
:numbers inside a computer, like me' 
t: 
t:Nurnbers are usually r~prQsented a~ : 
ts:g7,9;i 
t:sign 
ts:g12,9 
t: e:{ponent 
ts:g24,9 
t: mc:,ntissa 
ts: n 
t, 
t: 
t:Hence 
t: 
t: 
+ 04 .123456 
4 t: 
t:RE'presents 
u:ptc.i 
0.123456 .. 10 or 1234.56 
t:The number could be stored in 
t: 
t:a) binary form; 
t: 
t:b) packed decimal form; 
t: 
t:c) hexadecimal form: etc. 
• 
, ... 
t: 
t: 
t:Detail of these can b~ found in most 
:elemQntary numerical analysis books. 
u:pto 
t:Hc)I'Jf?VE~r', ne· mcr,t.tcr ho,..., nLtmbc~ro ';.\re 
;: ctOiHCd b~.sl2 2, bc..se 10, 01'"' bi.~sQ 
= 16; 
t: 
t:All stQrHL~d nLlmbQt~s have to hB.ve only 
:finltc number u·r digitz. 
t.: 
t:Some nl~y have 8 digits. Some may 
~:l~'.'r..! 10 digit~. I have 13. 
~ . 
c .• 
·t: 3c~m€' ITic:\y h.avc= even fl1t'WC·:. 
,_" ptCl 
t~Anyway, as long as only finite .nunlber 
:o·F digits is pazsit,lc, Grrat" ic 
:oxpe~ted to occur in t-cpresenting som~ 
:numcrical v~lues. 
t: 
t:For example, irrational numbers such 
:85 
t: 
t: 2 = 1.414213562 ••.• 
g:ml00,245;dl04,238;dl10,256;d125,256 
t: 
t:Or some fractions, ~uch as 
t: 
t: 1/3 = 0.333333333 .••• 
t: 
t:cannot be expressed in finite number 
:o·f digits. 
u:pto 
t:Thore are othQr possible sources of 
:errors. In gGn~ral, they can be 
:induced in threa ways: 
t: 
t: il 
t: 
t • 
t: i i ) 
t: 
t: 
t:iii) 
t: 
t: 
Error du~ to the natur~ of data 
~nd dat~ tran~fer. 
Error due Lo truncation and 
rounding. 
Error due to inappropriate 
interpretation of formulas. 
t:We are going to discuss them in 
:deLlil. 
u:pto 
g:v;Es;v15,39,1~2 
t: D~~t~:\' Er-I'"'or 
a: m:?05, 498 
g:d350,498;d350,~66;d205,466;d205,498 
g:v3,39,4,23 
t:8oo)e obtained data nlay tla~e ~~ror 
:caused by uncertainty in measurG:'nlents, 
: ~,ccl.-~racy of i nst,·u.ments, or factot"s 
:affect.d by uncontrollable environment 
t: 
~:_:Er'1'C:w CJ·f tIH':.'Sl.,) t.y·pf.· .... ~ Ci·:\n only tiC: 
~ ,"-UI',' i~~c:t(::d by an~ ... l /sing the obti~d r,c·d 
~L1~~l,'·~. U.siIIlJ ,::)t~ ... l::is;tj ci..ll -I:c'>chniquc:~ c.~'. 
:by r (·?pecd:.il1g tt1(~ f.'~;~pt~riment or 
: ol'~~._:'·i v;~:.t:i on ~(gt::lt n. 
u:pto 
t:Som~tim~~ error may be indued when 
:dat~ dre transferred, or copied. 
t: 
t:This type of ~rrQr enn be minimized 
,by, 
t: 
t:a) double check; 
t:b) parity chock; 
t:c) range check; 
t:d) consistency check; 
t:al check digit; etc. 
L\: pto 
r:******************** 
r:. Link to ROUND • 
r:******************** 
l:round 
"pto 
ts:t2;gO,23 
th:Prass space bar to continue »» 
as: 
j (l en (I.b) =0) = @p 
j: pto 
pr: 1 E,\ 
g:es 
ts:tl 
e: 
*SYSH 
1:::he110 
F't'·int .:;:If l.CS:::cJfl POUND 
g:v;es;v7,39,1,2 
t:Rounding & Trl~ncation Error 
l:J: rn95, 498 
g:d476,~98~d47b,466;d95,~66;d95,q98 
g:v3,39,4,23 
t: The second tYPQ of general error is 
:rounding and truncation error. 
t. : 
t~-r~le fil-st prir1ciplc of c~lculus gives 
-t: 
dy f (,,+h) - f (,,) 
i: , 
t: 
t: 
d " 
" 
h 
t~~5 h approaches :ero. 
t: 
t:Lmt us see how f'(x) changes as h 
:gets smaller by the formula using 
t. 
t~ axp(x) 
·t. : f (}:) '" ------
t. : 
u:pto 
t: e>:p(,:) 
t:. ~ f (}:) ... .-- --.---
t: 
t: 
t. 
x == 20 
, f'!x)~23045346.78 
t: h f' (20) Error 
t:------------------------------------
c: { 1. ='!~. 304·53E07 
c:h~:::.01 
u:fpc 
t:tlh 
(: : h -::: .. 001 
Lt:fpc 
t:#h 
c: h"". 0001 
u:fpc 
·L: ft-h 
c::h~'.O()OOl 
u,{pc: 
If 
Ite 
t:#h #f Im 
t: 
t:As you can SCE, the el-ror is 
:improvirlQ first, but gettir19 wors~ as 
: hi;; t O(~ S-1IlD. 11 .. 
·~tr· '/ 1 
9 ~ \/~.:; ~ 3S"', 21 ,23; cs 
t~ Tr-,. ~Gltlt.;.; ~.; Lh2 11 values your=:.elf 
th: (to oxit, typo 0) 
a,Hh 
i (h·::::Ci~: sum 
• 
j P;,,>ll: tt-y1. 1 
g: \.<::, 3q , 16,20; es 
l:; h --
t: f { :.! ) -
t : r:'!-t'·Ot- --
g; ''116::', 180 
G ;: \:":~;;,.,(: , 1 DO; cI~:;UU , ';';:j; c!6c) , 9~5; d 60, 1 C;(\ 
"'try 1. 1 
u:fpc: 
g:v14,29,16,18;es 
t: ·i~il 
t: 1H 
t.h: # '. f 1-- [ ) 
j (:~a<.5) :tryl 
g: \.'0 'J 39,21 ,23; es 
:.J: ptc:; 
t:LDt us look at another simple example. 
t" • 
t:This example sums 11n n times far 
:~.ny positive intc!ger n.. It is too 
:obvious that the result shnuld ba 1. 
: Howevm-. a compLtter 1 i ke me, cannot 
:always get the eNact result without 
:error. 
t: 
t:Let me demonstratm how poor my 
:Jrithmetic is ••.• 
u:pto 
t:I ~.11 v~ry slow, please be patient! 
t: 
t.: 
t= " ~I_'mmino l/:·~ €:rror' 
t: -.-.- ----.---------.. -----------------------
c:: t:·;(l 
1',.1. ",N, • .., 
·' .... 1 ., 4_ 
c:: t.:::-::-.l:2+ 1 
c: n=Tnd ('-::0) +10 
t:h:ttn 
u:arith 
t.: 
j(t2(4):try2 
s:13,50;15,50;17,50;13,50 
5:13,50;15,50;17,50;13,50 
s:17 1 50;18,50;20,100 
g:v0 1 39,21,23 
c::t2=0 
ttl:Tlo,y some numbers yoursel{. Rememb~r, 
:I a.m very slow, so don't give me any 
:value laFger than 50 (0 to eMit). 
g:v3,39,13,20;es 
*tt-yA 
~.: ffn 
9::: 31 
j(n=O):done! 
j(n<1l:try3 
j (n>50) :tr-y3 
j (n<>int(n» :try3 
.:::t2::::t2+1 
I.' ~ ,.:)t- i th 
• 
c:n2:t:=str(n) 
c ( 1 E~I I (n 2$) = 1 ) : n 2$= 11 0" ! 
t:Sn2S SnlS 
j (t:C:A) , tt-y4 
g: vO, 39 ,~O ,23; P;"\ 
u:pt.u 
!n2$ 
:teS-
·~d on ~~~ 1 
g:vO,39,4,23;~s;v3,39,4,23 
t:As you have seen,! may have errcr in 
:seYRn digits after decimal. 
t: 
t: In fact, i-f I sum (1/67) 67 times, 
:I only get 0.999999 with an error 
:5.96046[0-07. 
t: 
t:lt is true that the l~rger numbor I 
:U58, tho worse 1 get. 
t: 
t:So much for thi3~ For mor~ examples, 
:please refer to the notes and the 
: appE~ndi ces. 
u:,otc: 
t:As the concluGion, rounding ot-rot- and 
:truncation error can affect the result 
ono matter how simple the calculation 
: i $. 
t· 
t:W~ should always U5Q our common 5en~e 
:and knowladge to det~rmine whether th~ 
:rlunlerical result i5 acceptable or not. 
u:pto 
r:*******~;*********** 
r:. link to FORMU * 
r:*~*****«*********** 
I: fonnL\ 
*try3 
:;:5,200 
j:tr-y4 
-*pt:l 
ts!t2;gO,23 
tt,:Press ~pace bat- to continue »» 
as: 
j (l en (i.b) =0) , @p 
j'pto 
pr-: le 
g: ("2'5 
tc.:tl 
e: 
->car-i th 
c:t=O 
c:tl'-(> 
·:fCC:JmpLt 
c:t=t+lln 
c:: t l=-'-t 1+ 1 
j (n< >t1): compLl 
c:nl~;=str (t) 
c: (n 1 ~t< >- 11 lit ) : n 1 $= 11 (;" ! ! n 1 $ 
c (n 1 $:.= 11 1" ) : n 1 $= 11 1 • 000000 It 
c:.et~~tr(ABS(l-t» 
• 
*fpc 
c:f=(cxp(~O+h)/(20+h)-cxp(20)/~O)/h 
c:e=f-fl 
e: 
~sysx 
l:error 
, 
Print of lesson FORMU 
g:v;~s 
g:v/,39,1,2 
t:lnapprQpriate Formula Error 
g:m90,498 
g:d476,498;d476,466;d90,466;d90,498 
g:v3,39,4,23 
t:Tt,c third type of general error is 
:error due to inappropriate interpreta 
:tion of formulas, this depends very much on 
:the nature of the problem itself, it 
:is not possible to exhuast all cases. 
t: 
t:We only bring out some examples as 
:guidelines. 
u:pto 
t:Sometimes we may come across the 
:factorials, such as, the combination of 
:n objects, taken r at a time, is 
:given by the formula 
t: 
t: 
t: 
C 
n r = 
n! 
t: r!(n-r)! 
t: 
t:If we evaluate all the factorials 
:first, then the multiplications 
:and divisions, as the way the formula 
:stated, we may easily get overflow. 
u:pto 
t: If the fo,-mula is real-ranged to 
t: 
t: C n (n-1 ) (n--2) (n-r+l) 
ton 1- = ----- ----- -------.... 
t: r (r-l ) (r-2) 1 
t: 
t: 
t:not only the overflow problem can be 
:resolved, the number of calculations 
:also reduced, hence rounding error 
:would be improved. 
t: 
t:For computational examples, please 
:refer to appendices VI & VII in the 
: lesson notes. 
u:pto 
t:The following t~o problems again 
:demonstrates the rearranging of 
:calculations can give differen~ 
:results. 
t: 
t:Use a 10-digit machine to compute 
t: 
• 
t: 
t: 
t: (':d 
t: 
11) 
10 
+ 1 + 1 + 1 + 1 + 1 + 1 
t, + 1 + 1 + 1 + 1 
t: 
t: 
t: (b) 
t: 
1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 
t: 
t: 
u:pto 
10 
+ 1 + 1 + 10 
t:Every body knows that ten billion 
:plus one 
t: 
t: 
t: 
t: 
ts:gO,8 
10,000,000,000 
+ 1 
t:is equal to ten billion and one. 
u:cont 
ts:g12,6 
t:l0,OOO,OOO,001 
Lt:cont 
ts: gO, 10 
t,Hcwever, in a 10-digit computEr, ten 
:billion is stored as 1.000000000El0 
u:cont 
ts:gl1,3 
t, 1.000000000 E10 
u:cont 
ts:gO,13 
t:lf onE is added to it, 1 has to be 
:normalized to the same power El0. 
LI,: cant 
ts:gll,4 
t: 0.000000000 El0 
t: 
t: 
ts:g::6,4; i 
t: 1 
ts:n 
u:cont 
":_5: gO, 16 
t:·r-I-.en added, 
u:cont 
t:s:gll,6 
t: 1.000000000 El0 
ts:gl1,16 
t:the answer is still ten billion, in 
:10-digit-mantissa. 
Lt:pto 
t:Therefore in problem (a), no matter 
:how many ones are added to the ten 
:billion, the answer is still ten 
:billion. 
t: 
t:Bul in problem (b), if the ones are 
:summed fir~t, the cumulated result can 
:be sufficiently large to be added into' 
:the ten billion • 
Lt: pto 
t:Althouoh the above examole seems to 
obe over-exaggerated, it ~ctually 
:happens very often in numerical 
:problems. 
t: 
·t:L"t me show you one last example. 
~" pta 
t:Sometimes we may need to evaluate 
:high power polynomials, such as 
t: 
t: 
t:P(>:) --
t: 
6 ::; 4 
+ 6>~ + ••• 
t:For large values of >:, the mentioned 
:problem may happen again that the last 
:few terms would not be added into it 
:because they are comparatively too 
:small. 
~l: pto 
t:In order to overcome thiS, a 
:factorization method, called the 
:Horner's rule, can rearrange a 
:polynomial into a way that not only 
:the error mentioned can be 
:minimized, it also reduces the number 
:of calculations involved. 
t: 
t:Let me show you the Horner's rule. 
u: pt.:) 
t:Let P(,,) be 
t: 
t: 6 5 4 3 2 
t: 12:~ + 10x + e:·: + 6>: + 4x + 2x + 1 
u:cont 
ts:g0,10 
t:Just consider the first two terms, 
r:cont 
ts:g5,2;i 
t:6 
ts:gl1,2 
t:5 
ts:g2,3 
t:12:·: + 10>: 
ts:n 
u:cont 
ts:gO,11 
t:they have a common factor of 
t: 
t: 
t: 5 
t: 
ts:g15,6 
t:5 
t: 
~" cant 
ts:g4,7 
t: (12): + 10) x 
~l: cant 
ts:g5,2 
t:6 5 
t: 12:< + 10>( 
ts:gO,6 ." 
>: 
) .. 
t: 5 4 
t . := (12)~ + 1. 0) >: "1- 8!·~ + 6~·: + 
• 
u:cont 
*:{ 4 
g:v3,39~13,23;e5 
g: v3 ~ 39 ,·4 ,23 
ts:gO,10 
t:Thpn ttle next terJTI, 
ts:g16,2 
ts: i 
t:4 
tl£:g1.4,3 . 
t: S>: 
ts: n 
u:cont 
ts:g2(1,10 
t:with the new x term, 
t:5 
ts:g14,7 
t::-: 
ts:n 
~" cant 
ts:g6,11 
t:they have a COmmon factor of 
t: 
t: 
t: 
ts:g20,6;i 
t: L1 
ts:gt9,7 
t· .... 
ts:n 
1.\1 cant 
~·>:4set 
ts:g25,6 
t: 
t: 
ts:g21,7 
t: 
w:4 
ts:g15,6 
t: 
ts:g14,7 
th::{ + 8 
w:4 
ts:g3,7 
t: ( 
ts:g19,7 
t: ) }~ 
ts:g21,6 
t:4 
Lt: cant 
ts:g16,2 
t:4 
ts:g1.4,3 
t: 8:·( 
tc:gi)~7 
t:= 
ts:g26,6 
t:3 
ts:g:21,7 
t: -+- 6}~ + 
u:cont 
4 
• 
g:v3,39,13,23;es 
g:v3,39,4,23 
ts:gO,10 
t:Ag2in tho next trrm, 
tS:g21,2;i 
t:3 
ts:gl'=i,3 
t: 6~,! 
ts:n 
u~cont 
t~;:g21,10 
t:wit!, the new M term, 
ts:g21,6;i 
t,4 
ts: g20, 7' 
,- . ,. ~" . " 
t.?,: n 
u:cont 
ts:g6,11 
t:they have a common factor of 
t: 
;- . 
t: 
ts:g26,6;i 
t:3 
ts:g25,7 
t "., 
ts:n 
~\: cont 
*>{3set 
ts:gO,7 
t: 
ts:g27,7 
t: 
w:4 
ts:g21,6 
t: 
ts:g20,7 
t:x ... 6 
0,,5 
ts:g2,7 
t: ( 
ts:g25,7 
t: ) x 
ts:g27,6 
t:3 
u:cont 
.f:s:g21,2 
t:3 
t::.:g!9,::: 
t.: 6x 
ts:gO,7 
t:= 
ts:g28,7 
t: + .•• 
u:cont 
g:v3,39,13,23;es 
g:v3,39,4,23 
ts:gO,10 
t:This process goes on until only the 
:con~t"'nt left. 
t: 
t:-1,").--. ',,:1 thipk V0.U f-:-,:,n r:'!Q jt- nnh,l? 
• 
u:pto 
t:A5 you can ~ee, the Horner's rule can 
:rearrange a polynolllial in a way that 
::nf..:Jt .:Jnly large v~l'_H}~ of H j~ t.:d::en 
:C2r~ o~', it alsu I"~JW~~~ the rlufilber of 
:c21cul~tiQI's, l~;1ich also mc~ns le~g 
: c:clmpl.ltat i oni:.'\l el-r-or and computer time. 
u:ptc 
t:Ac the conclusion, the WBY of 
:rearranging a formula to reduce 
,computational errors depends very much 
: on the parti cui ar cr,Bracteri sti cs and 
: n~\ture of the prob I ems t.hC'msel ves. 
t: 
t:We hav~ no inter.tion, and also not 
:possible, to exhaust them all. 
t: 
t:Sometimes trial and error is needed. 
:And past experience helps. 
u: pto 
ts:gO,4 
t:This conclude the lesson on Error 
t: 
t:See you soon, $m$ 
ts:s2;g39,13;*14(aThe End ;wlr 
s:8,40;8,200 
w:6 
j: end 
"·pto 
i:'5:t2;gO,23 
th: F't~ess space bar to c:onti nue »» 
as: 
j Clen (%b) =0) :@p 
j:pto 
pr: le 
g:e::. 
ts: t 1 
-¥..·cant 
t·;;:t2;gO,23 
th:Pl-ess spac~ b~r to continue »» 
j ( 1 er" %b) =0) : @p 
j:cent 
pr ~ 1 e 
ts:tl;gO,23 
th: 
e: 
-x·sys.'·{ 
l:round 
·)1·ond 
1:::cnd 
Print of lesson END 
g:v;es 
*end 
ts:gO,8 
t:Pl.ase take out the "disk, turn off 
:the computer and ~nswer the questions .. 
ts:gO,22 
as: 
j:end 
APPENDIX E 
HONG KONG POL,7ECHNIC 
DEPARTMENT OF MATHEMATICAL STUDIES 
QUESTIONS ON ASSIGNMENT PROBLEM 1 
C1ass: ________ __ Date: ____________________ _ 
Please do not read the questions before you have completed the package and 
do not rerun the package while answering the questions. 
Section A 
1. The reason for a stored number may not be the exact value is because 
2. Give four methods to minimize error in data transfer. 
3. In the example of first principle of calculus, what h value did you 
try? How does the error compare with others? 
- 2 -
4. In the example of summing l/n n times, what values of n does the 
computer used? Which have error zero? 
5. Factorize the following using Horner's Rule 
x4 _ 3x2 + 2x - 4 
Section B 
1. How long did you take to finish the package? 
2. Can you type? If you can, how fast? 
3. What computer experience do you have? 
4. Do you have a personal computer? 
5. Have you taken any similar package like this one before? 
If you do, what package? 
min. 
• 3 • 
Section C 
Please use the following scale to circle you answers. 
6 . strongly agree, 1 . strongly disagree 
1. The procedure for using the package is simple. 
2. The length of this package is about right. 
3. The screens are easy to read. 
4. Interaction between user and computer is adequate. 
5. The content of this package is well presented. 
6. The examples are easy to follow. 
7. Accompanying written lesson notes are helpful. 
8. A CAL package like this in Numerical Analysis is 
appropriate. 
9. If time allows, I would like to have more computer 
packages available. 
10. I would like to borrow a package and use it at home 
or in the office. 
654321 
654321 
654321 
654321 
654321 
6 5 4 3 2 1 
654321 
654 3 2 1 
654321 
654321 
11. Please describe "briefly anything you particularly like about this 
package. 
12. Please describe briefly anything you particularly dislike about this 
package. 
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Please detach this page. 
Section D 
Please comment in not less than 200 words about computer aided learning. 
You could include the advantages, disadvantages, suitability in Hong Kong 
environment, etc. of using computer aided learning. 
APPENDIX F 
Topic Numerical Integration 
Keywords 
Area under a curve, quadrature, trapezoidal rule, Simpson's 
rule, truncation errors, Newton-Cote methods, Gauss quadrature, 
Romberg integration, improper integrals, piecewise continuous, 
multiple integrals. . 
Objectives 
After working through this section. you should be able to 
(i) find the area under a curve applying trapezoidal rule and 
Simpson's rule 
(ii) evaluate the truncation errors of these two methods 
(iii) find the area under a curve applying Romberg integration 
and Gauss quadrature 
(iv) distinguish the differences between area under a curve 
and definite integral 
(v) understand the accuracy and limitations of the four 
algorithms for numerical integration 
- 2 -
LearninQ Activity 
1. I ntroduct ion 
Very often we would like to evaluate a definite integral 
which may not be easy, or even possible. For example, we 
want to find the arch length of sin x, between 0 and w, 
which can be written as 
However, even this straight forward definite integral 
problem cannot be solved. Fortunately, in most cases, 
definite integral can be considered as the Reiman sum. 
Therefore 
b fa f(x)dx 
may be regarded as to find the area of f(x) between [a, b]. 
And the definite integral approximated by finding the area 
under the curve is known as numerical integration, or 
Quadrature. 
The terms numerical integration and area under a curve 
sometimes are also used interchangeably. In fact, they are 
the same if f(x) does not cut the x-axis within the 
interval. However, if f(x) cuts the x-axis, some f(x) 
values may cancel one another due to the change of signs of 
f(x) along x. As a rule of thumb, in finding area under 
f(x), all evaluated f(x) values should take the absolute 
values to avoid undesire cancellation. 
Although numerical integration seems only appropriate on 
definite integral, it is sometimes also useful in 
investigating the behavior of the indefinite integral over a 
certain interval. 
There are a number of methods used to find the area under a 
curve: 
( a) 
(b) 
Counting squares - plot the curve on a graph paper as 
accurate as possible, then count the number of squares 
covered by the curve. Sometimes, instead of counting 
squares, we would cut the covered part and find the 
mass of it, then proportionate the mass with the area. 
Simulation - generate numerous 'random points within a 
convenient ,interval which covered more than the area in 
question; The proportion of points that fall within 
the curve is that of the area. 
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(c) Rectangular rule - the curve is being divided into n 
equal-width rectangles. The height of the rectangle can 
be either the function in the left side or that in the ,', 
right side of the rectangle. The total area is the sum 
of the areas of the n rectangles. It is natural to 
think that the more rectangles we use, the more accurate 
we should get. However, we have to bear in mind that 
there is a trade-off between accuracy and time needed in 
evaluating the area of the rectangles. Also, when the 
width of the rectangle becomes very small, the rounding 
error may be large too. 
There are some other common algorithms in finding the area 
under the curve. We shall discuss them in more detail. 
2. Trapezoidal Rule 
In trapezoidal rule, we divide [a, b) into n equal parts, 
that is a = xo' Xl' ••• , xn = b, with width 
h = (b - a)/n. Each interval is approximated as a trapezium, 
hence, ,the area of the first one is 
Al = h[f(xO) + f(xl)]/2 
The area of the second one is 
A2 • h[f(xl) + f(x2)]/2 
And the total area A is 
A = Al + A2 + A3 + • 
~ h[f(xO) + 2f(xl) + 2f(x2) + 
Or A = h[f(xO)/2 + f(xl) + f(x2) + 
Example (1) 
+ 2f(x n_l) + f(x n )]/2 
+ f(xn_l) + f(x n )/2] 
Use the Trapezoidal rule to approxi~ate the area under the 
curve fix) _ xZ for X from 0 to 2 using 8 intervals. 
Since h = (2 - 0)/8 = .25 
x 0.25 .5 .75 1 1.25 1.5 1. 75 2 
f ( x) o .0625 .25 .5625 1 1.5625 2.25 3 .0625 4 
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Therefore Area = (.25)(0/2 + .0625 + .25 + .5625 + 1 
+ 1.5625 + 2.25 + 3.0525 + 4/2) 
= (.25)(10.75) 
= 2.8275 square units. 
In fact, trapezoida1 rule is an algorithm of approximating 
a function by n continuous straight lines. This method, 
compared with the rectangular rule, which also divides the 
1nterva1 into n-equal parts, but the trapizoidal rule by 
taking only one more function evaluation, improves the 
result significantly. 
3. Error of the Trapezoidal Rule 
We are going to discuss what the error is in finding the 
area by trapezoidal rule. 
From Newton-Gregory forward difference interpolation 
formula we have 
Since 
Therefore 
p&f + p(p-1) ~2f + p(p-1)(p-2) &3 fO + o 2! 0 3! 
x = Xo + ph, 
dx 
Iydx - I Y dP dp 
= h I ydp 
dx .. hdp 
... 
The area under the curve between the points Xo and xl with 
respect to p is 
hI: ydp 
= hf:(fO + p~fo + (pLp) 2 pL 3p2+2P 2! t.fO+ 3 ! t. 3 f 0 + ... )dp 
2 2 p2~fQ + p3 p4 p3 1 
= h[pfO + (- - t-)lI2f O + (- - -+ L)&3fO + .•• J 0 2 .6 24 6 6 
lIfo 1 2 1 3 
= h [fo + -2- - 12 II fO + 24 II fO - ••• J 
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If the second and higher orders are ignored, the area 
becomes 
h (f 0 
t.fo 
+-) 
2 
= h [fO + (f1 - f O)/2) 
= h[fO + fl )/2 
which is exactly the area of the trapezium. Therefore the 
maxim~m error using the trapezoida1 rule for one trapezium 
is ht. f0/12. 
However, from calculus, we know that 
f' = 1im t.f/h 
h+O 
Therefore, approximately we can define that t.f = hf' for 
small h. 
Similarly, we can claim the approximations of a2f = h2f". 
Therefore the maximum error for trapezoidal rule is h3f"0/12 
If we let 1f"(x)I"M, for some M and for all x in the range 
[a, b), then the error E' ;s 
E'" h3 M/12 
If there are n trapeziums to be added to give the total 
area under the curve in (a. b), then the total error E is 
E "nh3M/12 
= nh'h 2M/12 
= (b - a) h2M/12 
Since (b - a)-and M are constants, therefore we may claim 
that, ignoring the rounding error, the truncation error of 
the trapezoidal rule is directly proportional to the square 
of the width. That is, if we reduce the width by a factor 
of 2, the error should be decreased by a factor of 4. 
- 6 -
4. Simpson's Rule 
Since the trapezoidal rule approximates the function by n 
continuous straight lines. Therefore we might think that 
an algorithm that approximates the function by quadratic 
lines, or cubic lines, etc., might yield a better 
approximation and, hopefully not too complicated. We are 
going to discuss the Simpson's rule which approximates the 
area of a function by successive parabolic lines. 
The equation of the parabola, in general, can be given as 
f(x) = ax 2 + bx + C 
where a, b, c are constants and to be determined. Since 
three points are needed to determine a parabola, and 
without loss of generality, we may assume that these pOints 
be (-h, YO), (0, Yl), (h, Y2)' Substituting these points 
into the equation, we have 
YO = ah 2 - bh + c 
Yl • c 
Y2 = ah 2 + bh + C 
Combining, ah 2 _ bh = YO - Y1 
ah 2 + bh = Y2 - Yl 
Implies 2 ah 2 = YO + Y2 - 2Yl 
However, from integration, the exact area A, of a parabola 
is 
h 
A = f f (x) dx = 
-h 
h 
r (ax2 + 
J -h 
bx + c}dx 
ax3 bx 2 h 
= + + cx] 
3 2 -h 
2ah 3 
= -- + 2ch 
3 
= h(2ah 2 + 6c)/3 
To get rid of a, substituting from above, we have 
A = h(yO + Y2 - 2Yl + 6Yl}/3 
= h(yo + 4Yl + Y2}/3 
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Since we are using two equal parts for each parabola, 
therefore, for n parabolas, we need 2n equal parts, and the 
total area is given as 
h[(yo +4Yl + Y2) + (Y2 +4Y3 + Y4) + ••• ]/3 
= h[yO + 4Yl + 2Y2 + 4Y3 + 2Y4 + ... + Yn]/3 
• h[(yO + Yn +4(Yl + Y3 + ... + Yn-l) 
+ 2(Y2 + Y4 + ... + Yn_2)J!3 
Example (2) 
Use the Simpso~'s rule to approximate the area under the 
curve fix) = Xl for x from 0 to 2 using 4 intervals. 
Since h '" (2 - O) /4 = .5 
x 0 .5 1 1. 5 2 
fIx} 0 .25 1 2.25 4 
Therefore area = (.5)[0+ 4 + \ (.25 + 2.25) + 2(1)]/3 
-
(.5}(16}/3 
a 8/3 square units. 
The actual area, from calculus is 
= 8/3. 
The reason we can obtain the exact value is because 
Simpson's rule is derived from the equation of parabola, 
and we are using that to find the area of fIx) _ x2 , which 
is a quadratic, therefore we should expect an accurate 
result. However, if fIx) is of higer degree. error would 
occur. 
5. Error of the Simpson's Rule 
The deduction of the truncation error of the Simpson's rule 
is similar to that of the trapezoidal rule and is left as 
an exercis~ •. Since the maximum error E is (b - a)h\ M/laO; 
where M~lf'vl. it is clear that the error is directly 
proportional to h4. Hence the error decreases much faster 
as more intervals are used. 
INTEGRAL. BAS Saturday, May 28, 1988 
REM INTEGRAL 
REM CAL package on Numerical Integration 
REM run on IBM PC DOS 3.30 
REM BY GLORY PONG 1987 
DIM DIFFER(20) 
DEF FNF(X)-X*EXP(-X) , Define function 
Page 1 
SCREEN 1,1 
DELAY 1 
LOCATE 10,8,0 
, Medium resolution graphics 
PRINT "Numerical Integration" 
LOCATE 24,6,0 
CLEARKEY$-INKEY$ 
PRINT "Press SPACE BAR to continue"; 
WHILE NOT INSTAT : WEND 
CLEARKEY$-INKEY$ 
SCREEN 2,1 ' High resolution graphics 
DELAY 1 
LOCATE 3,35,0 
PRINT "Introduction" , Heading 
LINE (267,14) - (370,25)"B ' Box 
LOCATE 5,1,0 
PRINT " Very often we would like to evaluate a definite integral which" 
PRINT" may not be easy, or eVen possible. For example, the function" 
PRINT' fix) - sin x , between 0 and 180 degrees, is as follow." 
GOSUB PRESSBAR 
VIEW (10,80) - (300,180),6,1 
WINDOW (-.2,-.2) - (3.3,1.6) 
LINE (-.1,0) - (3.2,0) 
LINE (0,1.5) - (0,-.1) 
FOR X-O TO 3.14 STEP .01 
NEXT X 
Y-SIN(X) 
PSET(X,Y) 
GOSUB PRESSBAR 
LOCATE 8,1,0 
PRINT " The arch length is the integral of 
VIEW (0,0) - (599,69) 
WINDOW (0,0) - (599,69) 
LINE (378,10) - (382,7) 
LINE (382,7) - (386,14) 
LOCATE 9,1,0 
PRINT' which cannot be solved." 
GOSUB PRESSBAR 
VIEW (320,80) - (600,180),6,1 
WINDOW (-.2, - .2) - (3.3,1. 6) 
LINE (-.1,0) (3.2,0) 
LINE (0, 1. 5) - (0, - . 1 ) 
'Define graphic window 
, X-axis 
f Y-axis 
, Plot sin x 
g(x) - [1 + (cos x)'2]," 
, Draw square root sign 
, Second window 
INTEGRAL.BAS 
FOR X-O TO 3.14 STEP .01 
Y-SQR(1+(COS(X)A2» 
PSET(X,Y) 
NEXT X 
LINE (3.14,0) - (3.l4,Y) 
GOSUB PRESSBAR 
Saturday, May 28, 1988 
, Plot the 
, Arch length of sin x 
VIEW (5,26) - (639,75) , Text window 
CLS 
LOCATE 5,1,0 
PRINT" Fortunately, most definite integral can be considered as the" 
PRINT" Reimann sum, hence can be approximated by finding the area" 
PRINT" under the curve." 
GOSUB PRESSBAR 
VIEW (320,80) - (600,180) 
WINDOW (-.2,-.2) - (3.3,1.6) 
FOR X-O TO 3.14 STEP .01 
NEXT X 
Y-SQR(1+(COS(X)A2» 
LINE (X,O) - (X,Y) 
GOSUB PRESSBAR 
, Graphic window 
, Paint the curve 
VIEW (5,26) - (639,199) , Clear window 
CLS 
LOCATE 5,1,0 
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PRINT" However, the value for definite integral may be negative, while" 
PRINT" the area must be positive. Therefore, when finding the numerical" 
PRINT" integral, the sign should be reserved."; 
GaSUB PRESSBAR 
VIEW (40,80) - (560,180),6,1 
WINDOW (-.4,-1.4) - (6.4,1.4) 
LINE (-.1,0) - (6.3,0) 
LINE (0,1.1) - (0,-1.1) 
LINE (1.8,0) - (1.8,SIN(1.8» 
LINE (6,0) - (6,SIN(6» 
FOR X-l.8 TO 6 STEP .01 
NEXT X 
Y-SIN(X) 
PSET (X,Y) 
LOCATE 14,45,1 
PRINT "Numerical integration" 
FOR X-l.8 TO 6 STEP .01 
Y-SIN(X) 
LINE (X,O) - (X,Y) 
NEXT X 
GOSUB PRESSBAR 
CLS 
LOCATE 7,44,0 
PRINT" And when finding the" 
, Numerical Integration 
INTEGRAL.BAS Saturday, May 28, 1988 
PRINT" area under a curve, absolute value should be used." 
LINE (- .1,0) - (6.3,0) 
LINE (0,1.1) - (0,-1.1) 
LINE (1.8,0) - (1.8,SIN(1.8» 
LINE (6,0) - (6,SIN(6» 
FOR X-l.8 TO 6 STEP .01 
Y-SIN(X) 
PSET (X,Y) , Area under the curve 
NEXT X 
LOGATE 19,20,1 
PRINT "Area under the curve" 
FOR X-l.B TO 6 STEP .01 
Y-SIN(X) 
LINE (X,O) - (X,ABS(Y» 
NEXT X 
GOSUB PRESSBAR 
VIEY (5,26) - (639,199) , Clear window 
CLS 
LOGATE 9,1,1 
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PRINT" We are going to investigate two algorithms in Numerical Integration" 
PRINT 
PRINT 
PRINT" 1. The Trapezoidal Rule" 
PRINT 
PRINT" 2. The Simpson's Rule" 
GOSUB PRESSBAR 
SCREEN 1,1 
DELAY 1 
, Low resolution graphics 
LOGATE 10,10,0 
PRINT "Trapezoidal Rule" 
DELAY 4 
SCREEN 2 
DELAY 1 
LOCATE 3, 30 , 0 
, High resolution graphics 
PRINT "Trapezoidal Rule" 
LINE (227,14) - (365,2S)"B 
LOCATE 5,1,0 
, Heading 
, Box 
PRINT" The formula for Trapezoidal Rule is given as .n 
PRINT 
PRINT " 
PRINT 
PRINT " 
PRINT 
PRINT " 
PRINT " 
.-, .. ', Area - h [f(a)/2 + f(xl)· + f(x2) + 
And the truncation error is given as .n 
2n 
Error - (b - a) h M / 12 
+ f (b) /2] n 
PRINT 
PRINT " 
PRINT 
PRINT" 
Let's use this formula to find the numerical integration of then 
following function and investigate the error terms :n 
INTEGRAL.BAS Saturday, May 28, 1988 
PRINT 
PRINT " 
PRINT " 
GOSUB PRESSBAR 
f(x) - xe 
VIEW (0,26) - (639,199) 
CLS 
LOCATE 5,1,0 
-x" 
PRINT" -X" 
PRINT" To integrate f(x) - xe 
VIEW (315,56) - (635,156),6,1 
WINDOW (-.1,-.1) - (1.2,0.5) 
LINE (-.05,0) - (1.1,0) 
LINE (0,.45) - (0,-.03) 
FOR X-O TO 1 STEP .002 
Y-FNF(X) 
PSET (X,Y) 
NEXT X 
LINE (1,0) - (l,FNF(I» 
LOCATE 19,42,1 
PRINT "0" 
LOCATE 19,74,1 
PRINT "I" 
GOSUB PRESSBAR 
LOCATE 8,1,0 
PRINT" Using n trapeziums" 
VIEW (0,64) - (300,180) 
WINDOW (0,64) - (300,204) 
LINE (50,96) - (50,190) 
LOCATE 11,3,0 
PRINT "N" 
LOCATE 11,11,0 
PRINT "AREA" 
LINE (0,174) - (240,174) 
. ACTUAL--2*EXP(-1)+1 
AREA1-FNF(0)/2 + FNF(1)/2 
VIEW (315,56) - (635,156) 
WINDOW (-.1,-.1) - (1.2,.5) 
N-2 
FOR 1-2 TO 8 
AREA-O 
LOCATE 11+1, I, 0 
PRINT N 
H-1/N 
FOR J-1 TO N-1 
AREA-AREA + FNF(J*H) 
for x between 0 and I" 
[0,1]" 
• Plot the function 
• Draw the table 
• Actual area 
• Define part of area 
• To graphiC window 
• To evaluate the area 
LINE (J*H,O) - (J*H,FNF(J*H» 
NEXT J 
AREA-H*(AREA+AREA1 ) 
LOCATE 11+1,10,0 
PRINT AREA 
N-2*N 
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IF 1<1 AND 1<6 THEN DELAY 2 
NEXT I 
LOCATE 22,1,0 
PRINT "The actual value is ";ACTUAL 
GOSUS PRESSSAR 
VIEW (0,26) - (639,199) 
WINDOW (0,0) - (80,20.5) 
CLS 
LOCATE 5,1,0 
PRINT "Since Error - Actual - Calculated" 
PRINT 
PRINT "And Error is proportional to h square" 
PRINT 
PRINT" Therefore; if N increases by 2 ; then Error decreases by 4" 
GOSUll PRESSBAR 
LOCATE 12,3,0 
PRINT "N" 
LOCATE 12,12,0 
PRINT "Error" 
LOCATE 12,41,0 
PRINT "Error of n / Error of 2n" 
LINE (0,12) - (71,12) 
LINE (7,13) - (7,5) 
LINE (37,13) - (37,S) 
Nl-2 
GOSUS TRAPEVALUATE 
GOSUS PRESSBAR 
GOSUS RATIO 
GOSUll PRESSBAR 
TRY-1 
TRAPTRIAL: 
VIEW (5,26) - (639,75) 
CLS 
LOCATE 5, 1, 0 
, Draw the table 
, Starting no. of trap. 
, To evaluate area 
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PRINT" As we can see, the values are very near 4 in the last column." 
$ 
PRINT 
PRINT" However, rounding error begins to dominate as N gets large." 
PRINT 
INPUT" Try it yourself. Please input the starting N (1-9, 0 to quit)? ",Nl 
IF Nl$-"O" THEN GOTO ENDTRAPTRIAL 
GOSUS INPUTCHECK 
IF NI-o THEN GOTO TRAPTRIAL 
GOSUB CLEARTABLE 
GOSUS TRAP EVALUATE 
GOSUS RATIO 
TRY-TRY+1 
IF TRY < 5 THEN GOTO TRAPTRIAL 
GOSUS PRESSSAR 
, To check input 
, To clear table 
, To evaluate area 
, To calculate ratio 
, Allow 4 tries 
INTEGRAL. SAS 
ENDTRAPTRIAL: 
VIEW (0,26) • (639,199) 
CLS 
LOCATE 5,1,0 
PRINT • As a Summary :' 
PRINT 
Saturday, May 28, 1988 
PRINT' 1. Formula for Trapezoidal rule is simple" 
PRINT 
PRINT" 2. It needs n+l function evaluations" 
PRINT 
PRINT' 3. Error is proportional to h square for small N" 
PRINT 
PRINT' 4. Rounding error dominates as N becomes large." 
LOCATE 17,1,0 
PRINT' Let us now study the Simpson's Rule." 
GOSUS PRESSSAR 
SCREEN 1,1 
DElAY 1 
, Low resolution graphics 
LOCATE 10,11,0 
PRINT "Simpson's Rule" 
DElAY 4 
SCREEN 2 
DElAY 1 
LOCATE 3,31,0 
, High resolution graphics 
PRINT "Simpson's Rule" , Heading 
, Box LINE (235,14) (357,25)"B 
LOCATE 5,1,0 
PRINT' The formula for Simpson's Rule is given as :" 
PRINT 
PRINT " 
PRINT 
PRINT " 
PRINT 
PRINT • 
PRINT 
PRINT • 
PRINT " 
Area - h { f(a) + f(b) + 4 [f(x1) + 
+ 2 [f(x2) + f(x4) + 
And the truncation error is given as :" 
4" 
Error - (b 0 a) h M / 180 
f(x3) + 
1 } / 3 
1 " 
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PRINT 
PRINT " 
PRINT 
PRINT " 
PRINT 
PRINT • 
Let's again use this formula to find the numerical integration of" 
the same function and investigate the error terms :" 
PRINT " f(x) - xe 
GOSUS PRESSSAR 
VIEW (0,26) 0 (639,199) 
CLS 
LOCATE 5,1,0 
ox" 
for x between 0 and 1" 
INTEGRAL.BAS Saturday, May 28, 1988 
PRINT' -x' 
PRINT' To integrate f(x) - xe 
VIEY (1,60) - (300,172),6,1 
WINDOW (-.1,-.1) - (1.2,0.5) 
LINE (-.05,0) - (1.1,0) 
LINE (0,.45) - (0,-.03) 
FOR X-o TO 1 STEP .002 
Y-FNF(X) 
PSET (X,Y) 
NEXT X 
LINE (1,0) - (l,FNF(l» 
LOCATE 21,2,1 
PRINT '0' 
LOCATE 21,33,1 
PRINT '1' 
GOSUII PRESSBAR 
LOCATE 8,41,0 
PRINT "Using even N intervals" 
VIEY (315,60) - (635,160) 
WINDOW (0,64) - (300,204) 
LINE (50,80) - (50,180) 
LOCATE 11,43,0 
PRINT "N" 
LOCATE 11,51,0 
PRINT • AREA" 
LINE (0,162) - (240,162) 
ACTUAL--2*EXP(-1)+1 
AREA! - FNF(O) + FNF(l) 
VIEY (0,60) - (300,172) 
WINDOW (-.1,-.1) - (1.2,.5) 
N-2 
FOR I-I TO 6 
LOCATE 12+1,41,0 
PRINT N 
H-l/N 
AREA2-0 
AREA4-FNF(H) 
LINE (H,O) - (H,FNF(H» 
FOR J-2 TO N-2 STEP 2 
AREA2-AREA2 + FNF(J*H) 
AREA4-AREA4 + FNF«J+l)*H) 
LINE (J*H,O) - (J*H,FNF(J*H» 
[0,1]" 
, Plot the function 
, Actual area 
, Define part of area 
, To graphic window 
, To evaluate the area 
LINE «J+1)*H,O) • «J+1)*H,FNF«J+1)*H» 
NEXT I 
NEXT J 
AREA - H * (AREAl + 4*AREA4 + 2*AREA2) / 3 
LOCATE 12+1,50,0 
PRINT AREA 
N-2*N 
IF 0<1 AND 1<5 THEN DELAY 2 
LOCATE 21,41,0 
PRINT "The actual value is ";ACTUAL 
INTEGRAL.BAS 
GOSUB PRESSBAR 
VIEY (0,26) - (639,199) 
WINDOW (0,0) - (80,20.5) 
CLS 
LOCATE 5,1,0 
Saturday, May 28, 1988 
PRINT" Since Error - Actual - Calculated" 
PRINT 
PRINT" And Error is proportional to fourth power of h" 
PRINT 
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PRINT" Therefore; if N increases by 2 ; then Error decreases by 16" 
GOSUB PRESSBAR 
LOCATE 12,3,0 
PRINT "N" 
LOCATE 12,12,0 
PRINT "Error" 
LOCATE 12,41,0 
PRINT "Error of n / Error of 2n" 
LINE (0,12) - (71,12) 
LINE (7,13) - (7,5) 
LINE (37,13) - (37,S) 
Nl-2 
GOSUB SIMPEVALUATE 
GOSUB PRESSBAR 
GOSUB RATIO 
GOSUB PRESSBAR 
TRY-1 
SIMPTRIAL: 
VIEY (5,26) - (639,75) 
CLS 
LOCATE 5,1,0 
, Starting no. of intervals 
, To evaluate area 
PRINT" For small N, the values are near 16 in the last column." 
$ 
PRINT 
PRINT" However, rounding error begins to dominate as N increases." 
PRINT 
INPUT" Try it yourself. Please input the starting N (2-8, 0 to quit)? ",Nl 
IF Nl$-"O" THEN GOTO ENDSIMPTRIAL 
GOSUB INPUT CHECK 
IF Nl-O THEN GOTO SIMPTRIAL 
IF INT(Nl/2)*2<:>N1 THEN 
BEEP 2 
GOTO SIMPTRIAL 
END IF 
GOSUB CLEARTABLE 
GOSUB SIMPEVALUATE 
GOSUB RATIO 
TRY-TRY+1 
IF TRY < 4 THEN GOTO SIMPTRIAL 
GOSUB PRESSBAR 
, To check input 
, Even no. only 
, To clear table 
• To evaluate area 
ENDSIMPTRIAL: 
INTEGRAL.BAS 
VIEY (0,26) - (639,199) 
CLS 
LOCATE 5,1,0 
PRINT· As a Summary :" 
PRINT 
Saturday, May 28, 1988 
PRINT' 1. Formula for Simpson's rule is not complicated" 
PRINT 
PRINT· 2. It also needs n+l function evaluations" 
PRINT 
PRINT· 3. Error improves significantly" 
PRINT 
PRINT· 4. Error is proportional to fourth power of h" 
PRINT 
PRINT· 5. Rounding error dominates quickly." 
GOSUB PRESSBAR 
SCREEN 1,1 
DELAY 1 
LOCATE 11,14,0 
PRINT "Conclusion" 
delay 4 
SCREEN 2 
DELAY 1 
LOCATE 3,32,0 
PRINT "Conclusion" 
LINE (241,14) - (336,25)"B 
LOCATE 7,1,0 
, Low resolution graphic 
, Heading 
, Box 
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PRINT" Trapezoidal Rule and Simpson's Rule have the following similarities" 
PRINT 
PRINT 
PRINT " 
PRINT 
PRINT " 
PRINT 
PRINT " 
PRINT 
1. They are based on the Newton-Cote method." 
2. They all use equal space width h " 
3. f(a) and f(b) are in the formulas." 
PRINT· 4. The formulas need N+l function evaluations." 
GOSUB PRESSBAR 
VIEY (0,26) - (639,199) 
CLS 
LOCATE 7,1,0 
PRINT· However, the two formulas have the following differences ." 
PRINT 
PRINT 
PRINT" I. Trapezoidal Rule" 
PRINT 
PRINT" 1. It approximates a curve by continuous straight lines." 
PRINT 
PRINT " 2. Error is only proportional to h square. " 
PRINT 
,. 
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PRINT" 3. Hence in general, it converges to the solution slower." 
GOSUB PRESSBAR 
VIEW (0,26) - (639,199) 
CLS 
LOCATE 9,1,0 
PRINT· 11. Simpson's Rule' 
1. It approximates a curve by continuous 
2. Error is proportional to fourth power 
3. Hence in general, it converges to the 
quadratic lines.' 
of h , . 
solution faster.' 
PRINT 
PRINT " 
PRINT 
PRINT ' 
PRINT 
PRINT " 
PRINT 
PRINT ' 4. Rounding error dominates quickly as N increases. " 
GOSUB PRESSBAR 
VIEW (0,26) - (639,199) 
CLS 
LOCATE 11,1,0 
PRINT' This conludes the Numerical Integration lesson.' 
LOCATE 17,1,0 
PRINT' Please take out the disk and turn off the computer.' 
PRINT 
PRINT" Do not forget to answer the question paper." 
CLEARKEY$-INKEY$ 
WHILE NOT INSTAT WEND 
GOTO FINISH 
PRESSBAR: , Press Bar prompt 
CLEARKEY$-INKEY$ 
LOGATE 24,26,0,1,2 
PRINT 'Press SPACE 
WHILE NOT INSTAT 
CLEARKEY$-INKEY$ 
LOCATE 24,26,0 
PRINT' 
BAR to continue'; 
WEND 
RETURN 
TRAP EVALUATE : 
N-NI 
" . ,
, Find area by Trapezoidal Rule 
FOR I-NI TO Nl+5 
AREA-O 
LOCATE l3+I-NI+I,l,D 
PRINT N 
H-l/N 
FOR J-l TO N-l 
AREA-AREA + FNF(J*H) 
NEXT J 
AREA-H* (AREA+AREAl) 
LOCATE l3+I-Nl+l,lO,O 
INTEGRAL.BAS Saturday, May 28, 19S8 
NEXT I 
RETURN 
DIFFER(I)-ACTUAL - AREA 
PRINT DIFFER(l) 
N-2*N 
SIMPEVALUATE: ' Find area by Simpson's Rule 
N-Nl 
FOR I-N1 TO Nl+5 
LOCATE 13+I-N1+1,l,O 
PRINT N 
H-1/N 
AREA2-0 
AREA4-FNF(H) 
FOR J-2 TO N-2 STEP 2 
AREA2-AREA2 + FNF(J*H) 
AREA4-AREA4 + FNF«J+1)*H) 
NEXT J 
AREA - H * (AREAl + 4 * AREA4 + 2 * AREA2) / 3 
LOCATE l3+I-N1+l,lO,O 
NEXT I 
RETURN 
DIFFER(I)-ACTUAL - AREA 
PRINT DIFFER(I) 
N-2*N 
RATIO: ' Find the error ratio 
FOR I-Nl TO N1+4 
LOCATE 14+I-N1+1,40,O 
IF DIFFER(I+1)<>0 THEN PRINT DIFFER(I)/DIFFER(I+l)_ 
NEXT I 
RETURN 
INPUTCHECK: 
ELSE PRINT " • 
IF LEN(N1$)<>1 THEN 
SOUND 160,18 
SOUND 60,lS 
Nl-O 
RETURN 
END IF 
N1-VAL(N1$) 
IF N1-0 THEN 
SOUND 180,18 
SOUND 80,lS 
RETURN 
END IF 
RETURN 
CLEARTABLE: 
FOR 1-1 TO 8 
LOCATE 13+1;1,0 
PRINT" " 
• Check input error 
, Clear table 
Page 11 
INTEGRAL.BAS 
FINISH: 
NEXT I 
RETURN 
END 
Saturday, May 28, 1988 
LOCATE 13+1,10,0 
PRINT • 
LOCATE 13+1,40,0 
PRINT • 
• 
n 
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NUMe~ical Integ~ation 
P~ess SPACE BAR to continue 
Int~oduction 
Ue~y often we would like to evaluate a definite integ~al which 
May not be easYI o~ even possible. Fo~ exaMPle, tIle function 
f(x) : sin x , between 9 and 189 deg~ees, is as follows. 
P~ess SPACE BAR to continue 
IIntk1oductionl 
Uek1Y often we would like to evaluate a definite integk1al which 
May not be easYi Ok1 even possible. FOk1 exaMPle, tile function 
f(x) : sin x between 9 and 189 degk1ees, is as follows. 
The al'ch length is the integk1al of g(x): J [1 + (cos x)A2]' 
which cannot he solved. 
~ /' .... 
// '... 
,.' \ 
/ \, 
.. , 
/ '\ l 
/ \ 
Pk1ess SPACE BAR to continue 
• 
IIntk'oduction/ 
FOk'ltunately, MOSt defini te integk'als can be considek'ed as the 
ReQMann SUM, hence can be apPk'OXiMated by finding the ak'lea 
llnnek' the Cllk'Ve. 
Pk'ess SPACE BAR to continlle 
IIntl'oductionl 
Howevel'1 the value fol' definite integl'al May he negative l while 
the a~ea Must he positive, The~erol'el when finding the nUMel'ical 
integk'aL tIle sign should hepl'esel'ved, 
NUMel'ical integl'ation 
Pl'ess SPACE BAR to continue 
I In tr'oduc t i on I 
However', the value fop definite integr'al May be negative, while 
the apea MllSt be positive. Ther'efor'e, when findin~ the nUMer'ical 
integk"al, the sign should hetr'esek"ved. And when finding the 
ar'ea undek" a curve, absolute value should be used. 
Ak"ea under' the cUr've 
Pk"ess SPACE BAR to continue 
IInt~oductionl 
We a~e going to investigate two algo~ithMs in NUMe~ical Integ~ation 
I. The T~apezoidal Rule 
2. The SiMpson's Rule 
P~ess SPACE BAR to continue 
T:rapezoidal Rule 
IT~apezoidal Rule I 
The fO~Mula fo~ T~apezoidal Rule is given as : 
Apea : h [f(a)(2 + f(xl) + f(x2) + 
And the t~uncation e~~o~ is given as : 
2 
E~~o~ : (h - a) h H ( 12 
I I I + f(h)121 
Let's use this fOPMula to find the nUMe~ical integ~ation of the 
following function and investigate the e~~o~ te~Ms : 
-x 
f(x) : xe I , fo~ x hetween 0 and 1 
Pl'ess SPACE BAR to continue 
To integk1ate 
!TNPezoidal Rule! 
-X 
f(x) : xe I I 
P~ess SPACE BAR to continue 
.------
~ 
--
1 
2 
4 
I Tl'apezoidal Rule I 
To integl'ate 
Using n tl'apeziuns 
AREA 
-X 
f(x) : xe 
.243602529168129 
.2590450346469879 
• 
I [9,11 
1 
N 
2 
4 
8 
16 
32 
IT~apezoidal Rule I 
To integ~ate 
Using n tfapeziuMs 
AREA 
-X 
f(x) : xe 
.243692529168129 
.2599459346469879 
.2629398107528687 
.2639156579971313 
.2641597092151642 
• , [9,1] 
11 
0 1 
N 
2 
4 
8 
16 
32 
64 
IT~apezoidal Rule I 
To integl'ate 
Using n tl'apeZiUMs 
AREA 
-X 
f(x) : xe 
.2436~2529168129 
.259945~346469879 
.2629398197528687 
.2639156579971313 
.2641597~92151642 
.2642297741737366 
• , 
128 .2642359435558319 
The actual value is .2642411291599274 
Pl'ess SPACE BAR to continue 
IT~apezoidal Rule I 
Since E~~o~ : Actual - Calculated 
And E~~o~ is p~opo~tional to h squa~e 
The~efo~e; if N inc~eases hy 2 ; then E~~o~ dec~eases hy 4 
E~~o~ of n I E~~o~ of 2n 
2 2. 06385999911984E-002 
4 5.196094512939453E-003 
8 1. 301318401058116E-993 
16 3. 254111621969205E-004 
32 8. 141994416318359E-005 
64 2. 03549861901959E-005 
P~ess SPACE BAR to continue 
I Tk1apezo i dal Rul e I 
Since Ek1k1ok1 : Actual - Calculated 
And Ek1k1ok1 is Pk1oPok1tional to h squak1e 
Thek1efok1e; if N inck1eases hy 2 ; then Ek1I'ok1 deck1eases hy 4 
N EN'IOk1 EI'I'ok1 of n I EI'I'oI' of 2n 
2 2.96385999917984E-992 
4 5. 196094512939453E-003 3.971944686610994 
8 1.391318497058716E-003 3.99294629566014 
16 3.254711627969205E-094 3.998260232579434 
32 8.141994476318359E-905 3.997437774524158 
64 2. 03549861907959E-905 4 
Pk1ess SPACE BAR to continue 
N 
9 
18 
36 
72 
I Tl'apezo i dal Rul e I 
As we can see l the values al'e vel'Y neal' 4 in the last colUMn. 
Howevel'1 l'ounding el'l'Ol' begins to dOMinate as N gets la~ge. 
T~y it you~self. Please input the sta~ting N (1-91 0 to quit)? I 
E~~ol' E~~ol' of n I E~l'ol' of 2n 
1.028329133987427E-993 
2. 571940422058105E-004 3.998261877172654 
6,431341171264648E-005 3.999073215940686 
1,693364944458008E-905 4,011152416356877 
144 4,023313522338867E-006 3,985185185185185 
288 1,972883605957031E-006 3,75 
IT~apezoidal Rule I 
As a Smul\a~y : 
1. FO~Mula fo~ Tl'apezoidal !lule is siMple 
2. It needs n+l function evaluations 
3. E~~o~ is p~opo~tional to h squa~e fol' sMall N 
4. Rounding e~~ol' dOMinates as N hecoMes la~ge. 
Let us now study the SiMpson's Rule. 
Pl'ess SPACE BAR to continue 
SiMPsonJls Rule 
ISiMPson's Rule I 
The fO~Mula fo~ SiMpson's Rule is given as : 
A~ea : h { f(a) + f(b) + 4 [f(xl) + f(x3) + I I I ] 
+ 2 [f(x2) + f(x4) + I I I ]} I 3 
And the t~uncation e~~o~ is given as : 
4 
E~~o~ : (b - a) h H I 189 
Let's again use this fO~Mula to find the nUMe~ical integ~ation of 
the saMe function and investigate the e~~o~ te~Ms : 
-x 
f(x) : xe I , fo~ x hetween 9 and 1 
P~ess SPACE BAR to continue 
I SiMpson' s Rule I 
To integl'ate 
-x f(x) : xe 
-t-~ 
--
",.--/.r 
.'" 
" l I 
/ II 
." /1' 
/ 
l 
9 1 
I 
, [9,11 
Pl'ess SPACE BAR to continue 
To integl'late 
./ 
,,'" 
_-ro---/_.r 
/ 
l 
;1 
l 
ISiMPson's Rule I 
-X 
f(x) : xe 
1 
, 
, [9,11 
Using even N intel'lvals 
N AREA 
2 ,2634991494389798 
4 ,2641925513744354 
8 .2642380595207214 
To integk'ate 
ISiMPson's Rule I 
-X 
f(x) : xe 
1 
• , [9,1] 
Using even N intek'vals 
N 
2 
4 
8 
16 
32 
64 
AREA 
.2634991404389798 
.2641925513744354 
.2642380595297214 
.264249959345993 
.264241999357695 
.264241999357695 
The actual value is .2642411291599214 
Pk'ess SPACE BAR to continue 
I SiMpson' s Rule I 
Since E~~o~ : Actual - Calculated 
And E~~o~ is Pfopo~tional to fou~th powe~ of h 
TheXlefo~e; if N incfeases by 2 ; then E~~o~ dec~eases by 16 
N E~~o~ of n I E~~o~ of 2n 
2 7,599887218475342E-094 
4 4,857778549194336E-095 
8 3,069639205932617E-906 
16 1,788139343261719E-997 
32 2,980232238769531E-098 
64 2,980232238769531E-098 
P~ess SPACE BAR to continue 
ISiMPson's Rule I 
Since E~~o~ : Actual - Calculated 
And E~ror is propo~tional to fou~th powe~ of h 
Therefore; if N increases by 2 ; then E~~or dec~eases by 16 
N Er~o~ Erro~ of n I E~ro~ of 2n 
2 7,599887218475342E-094 
4 4,857778549194336E-005 15,45959920245399 
8 3,069639205932617E-006 15,8252421184466 
16 l,788139343261119E-007 11,16666666666661 
32 2,980232238769531E-008 6 
64 2,980232238769531E-008 1 
P~ess SPACE BAR to continue 
N 
8 
16 
32 
64 
128 
256 
ISiMPson's Rule I 
Fop sMall NJ the values alle near 16 in tile last colmm. 
Howevell J llounding ellrOll begins to dOMinate as N inclleases. 
TllY it yourself. Please input the starting N (2-8 J 9to quit)? I 
EllllOl' Ellllor of n I Erlloll of 2n 
3.969639205932617E-906 
1. 788139343261719E-907 17.16666666666667 
2. 989232238769531E-908 6 
2. 980232238769531E-908 1 
-2. 980232238769531E-008 -1 
2. 980232238769531E-008 -1 
ISiMpson's Rule I 
As a SUM",a~y : 
1, FO~Mula fo~ SiMpson's ~ule is not cOMplicated 
2, It also needs n+1 function evaluations 
3. E~~o~ iMp~oves significantly 
4. El1l1O~ is p~opo~tional to fou~tll powe~ of 11 
5, Rounding e~~Ol1 dOMinates quickly, 
P~ess SPACE BAR to continue 
Conclusion 
I Conclusion I 
T~apezoidal Rule and SiMpson's Rule have the following siMila~ities 
1. Tlley a~e based on the Newton-Cote Method. 
2. They all use equal space width h. 
3. f(a) and f(b) a~e in the fO~Mulas. 
4. The fO~Mulas need N+! function evaluations. 
P~ess SPACE BAR to continue 
I Conclusion I 
Howeve~, the two fO~Mulas have the following diffe~ences : 
I, T~apezoidal Rule 
I, It app~oxiMates a cu~ve by continuous st~aight lines, 
2, . El"'k"ol'" is only Pl"'oPol"'tional to }l squal"'e, 
3, Hence in genek"al, it convel"'ges to the solution slowel"', 
P~ess SPACE BAR to continue 
I Conclusion I 
11. SiMpson's Rule 
1. It app~oxiMates a cu~ve by continuous quad~atic lines. 
2. E~~ol' is p~oportional to foul'th power of h. 
3. Hence in general, it convel'ges to the solution faster. 
4. Rounding erl'or dOMinates quickly as N increases. 
P~ess SPACE BAR to continue 
I Conclusion I 
This conludes the NUMe~ical Integ~ation lesson. 
Please take out the disk and tu~n off the cOMpute~. 
Do not fo~get to answe~ the question pape~. 
APPENDIX G 
HONG KONG POLYTECHNIC 
DEPARTMENT OF MATHEMATICAL STUDIES 
QUESTIONS ON ASSIGNMENT PROBLEM 2 
Class: ________ _ Date: __________________ __ 
Please answer the following questions according to the package you use. 
Section A 
1. What is the difference between numerical integration and area under a 
curve? 
2. In the Trapezoidal Rule, what is the relation between the error and N, 
the number of trapeziums used? 
3. In the Trapezoidal Rule, for what N does the ratio Error of N / Error 
of 2N begin to diverge? What is that ratio? 
- 2 -
4. In Simpson's Rule, what is the relation between the error and N, the 
number of intervals used? 
5. In Simpson's Rule, for what N does the ratio Error of N I Error of 2N 
begin to diverge? What is that ratio? 
6. Why does the ratio not obey the error term for large N? 
Section B 
1. How long did you take to finish the package? __________________ min. 
2. Can you type? If you can, how fast? 
3. What computer experience do you have? 
4. Do you have· a personal computer? 
5. Have you taken any similar package like this one before? 
If you do, what package? 
- 3 -
Section C 
Please use the following scale to circle you answers. 
6 - strongly agree, 1 - strongly disagree 
1. The procedure for using the package is simple. 
2. The length of this package is about right. 
3. The screens are easy to read. 
4. Interaction between user and computer is adequate. 
5. The content of this package is well presented. 
6. The examples are easy to follow. 
7. Accompanying written lesson notes are helpful. 
8. A CAL package like this in Numerical Analysis is 
appropriate. 
9. If time allows, I would like to have more computer 
packages available. 
10. I would like to borrow a package and use it at home 
or in the office. 
6 5 4 3 2 1 
6 5 4 3 2 1 
654321 
654321 
654321 
6 5 4 3 2 1 
654321 
654321 
654321 
654321 
11. Please describe briefly anything you particularly like about this 
package. 
12. Please describe briefly anything you particularly dislike about this 
package. 
13. If another package were to be used, what topic in Numerical Analysis do 
you think should be on? 
Section D 
·4· 
Please tear off this page, answer the following question 
later and hand it in together with your assignment. 
Describe, in about 150 words, what do you think the advantages and 
disadvantages about using a package like this one in other subjects of your 
course. 
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